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Beginning with the January, 1956, issue, the American Journal of 
Veterinary Research will accept classified advertisements from graduate 
veterinarians seeking veterinary technological positions with colleges, 
universities, and other institutions such as industrial and commercial 
research laboratories, 

Also, classified advertisements will be accepted from institutions and 
other organizations which may be seeking veterinary bacteriologists, para- 
sitologists, pathologists, or other veterinary technological personnel. 

This service is intended to facilitate the placement or finding of person- 
nel with specialized training in veterinary medical science. 

The rate for these classified advertisements will be: $4.50 for the first 
25 words and 15 cents for each additional word. No charge will be made 
for use of a box number. 

The closing date for classified advertisements in this Journal (a quar- 
terly) is the 24th of the month preceding date of issue—for example 
March 24th for the April, 1956, issue. 
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BRUCELLA 


Isolation, Cultivation 
and Differentiation 


BACTO-TRYPTOSE 


is the peptone of choice in the preparation 
of both liquid) and solid media for culturing Brucella abortus, 
melitensis and suis and supplies the nutriments required by these 


organisms for rapid and abundant growth 


BACTO-TRYPTOSE BROTH 


is a complete liquid: meditm for 
culturing the Brucella and is especially adapted to the isolatios 


techniques recommended by Tuddleson and Castaneda 


BACTO-TRYPTOSE AGAR 


supersedes media previotishy en 
ployed for the isolation and cultivation of the This 
medim serves ideally for the primary or secondary isolation o 
Brucella, for the differentiation of species and for vaccine 
antigen production, It is also recommended for tse as the solid 


phase in the Castaneda technique 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use. 
is available on request. 
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Newcastle Disease Immunization Studies. |. Viability of 
Newcastle Disease Virus Administered as a Vaccine 
in the Drinking Water 


R. W. WINTERFIELD, D.V.M., and E. H. SEADALE, M.S. 


Amherst, Massachusetts 


Lares rep HO-ml, quantity and was aecompanied by a dried 
nutrient stabilizer Vaecine **M,’’ in the form 
immunization techniques for poultrs 

amnionllantoie fluid, was obtained in this laber 
tory from BINDV seed stoek Vaecine ‘*1,"" is 


lyophilized in Sank quantities from a mixture 


been reported b Hitehner and Reising, Leugin 
«f alo Markham al.” and others" These 


procedures of administration, ineluding the water 


of 10 per cent skim milk and 
route, have numerous advantages and have met 
Rach serial lot or pool of vaecine was titrated at 


With popular appeal among commercial poultry 


len once prior to its Use 
Many of the limitations and disadvantages 


of these programs, however, have not been fully Water amp from 11 ures vere obtained 
for study and chemienliv analyzed" (Ctable 
nscertained or deseribed 

The viability of Newenstle disense virus ND 
under varied conditions has been studied by 
Olesiuk and also bys W ooding DBenucette hus 


Where data are incomplete, insuffierent water was 
available for complete analysis Sample 1, used 
is control esael tril, was single distilled 


summarized survival studies on several sterile water In two trials, NaCl was added te 
strains. Cunningham and others have inves the No. 1 samples to give a final COMEOMIER TION on 
tigated the effeets of chemical agents on With the ception of sample 6, 
reported that infected allantoic fluid samples 2 through 11 represented wares wells 
added to the drinking water at a rate of 0.5 mil or taps on Massachusetts poultry farmna and wer 
per gallon, giving a final concentration 1 of used without regard to sterility Sample 8 eame 


Ib] strain of NDV, remained viable after 28 hours 
That NDV will survive for extended periods under 


from central Ohio and represented an alkaline 
ter, Sample 2, considered hard for New Eng 


on ntural sor on us uleo hi 
tot; volutile itte orides 
effects of various field environmental factors on onds, nd 
copt unt of u teres ‘ 
titers of water-administered NDV, however, have 
it le presented mo extreme ites 
vas ineluded mere! its Sample 4 
It was the purpose of this investigation 


demonstrated relativels contamination | 

to determine the favorable ov unfavorable 
various protezon, ‘ other 

influence which some of these conditions gents. The exeessive amou unfiltered iron i 
may have on vaccine water titers this sample was caused | iter standing for ot 
eck galvanized irow poulte Water troug 
M » Merion The No. 4 water was normally low in soluble ire 


The presen or nbsence of rust when 


The Bl strait of NDV used in all trials 


obtained frou four different Vaceim Vas used is in the accompanying table 


‘J was on dred virus from a commercial soure Numbers 5 and 6 were field samples, with samp 


6 having fluorides added. Sample 7 came from 


available in 500-dose vials with 15 ml. of diluent 


supplied with each vial, Vaeeine ‘*K,"’ also com farm with # mountain spring as its water sours 


“ 4 eh 
mereially available, represented a glyeerinated vi Soil in this ares as high im ealeium, hiel 


rus This vaccine was reeeived in 1.00-dose, reflected ity tater hoardties \~ 


Contribu mo 0 ‘ is ‘ ne rte vere made b Mr 


tural Exper Laborator Department 


Amherst 


. 
‘ 
“ 
= 
Pu Healtl \inherst, Mass 


R. W. E. 


tioned, sample & was a hard, alkaline, midwestern 
Numbers 9, 10, and 11 field 


simples with no peeuliarities in their analyses 


water sample were 
Three water samples were ineluded in each trial 
effects studied In all 
samples used in 
each trial the 
1,000-ml. Ehrlenmeyer 
bath and 


temperature to he 


where temperature were 


others, four eneh trial. 


Thirty 
ples, 


were 


minutes before water sam 


flasks, 
brought to the 


contained in 


were placed in a water 


desired maintained during the 


trial. Levels of water in the flasks and bath were 
approximately the same in all trials, as were the 
exposed surface areas of the water samples 

trials were condueted at 
31C., and 38C, These 


bracket the normal and higher temperatures found 


temperatures of 
temperature ranges 
in brooding chicks from 1 day to 4 weeks of age 


The upper limit of 38 is occasionally 


mouths, All other 


as this more closely approximates the 


present an 
the summer 
31 C., 


floor temperatures near the outside of the brooder 


triuls were earried 


out at 


hover when the chicks are 1 to 10 days of age 
study, 


euch 


When contamination was the subject of 


the following materials, and quantities of 


per liter, were added: pine shavings litter, 5 Gam 


enne litter, 5 Gm commercial starting mash 


(without a coecidiostat but containing a broad 


fresh 
ineliente 


chicken 
thes 


contaminants of 


spectrum antibiotic), 5 Gm and 


Field 


materials as 


feces, 25 Gm, observations 


types of common 


poultry waterers, Quantities used, however, were 


arbitrary but apparently within the limits of 


reality. 

As many eastern poultry farms have a eity 
source of water, it was desirable to determine che 
added to 


waiter con 


effeets of chlorination, Chlorine gas was 


the test water from a stock solution of 


taining 375 parts per million Cp.pam The resid 


content of the test 
final 


nal ehlorine water was ad 


justed to a concentration of p.pan, by 
This 


used in eity 


indicator. level 


often 


means of an orthotolidine 


of residual chlorine is water 


supplies 
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In trials where the commercial dried virus (J 
was used, the material was reconstituted with 15 
diluent virus (L 
this laboratory vas reconstituted 

sterile, distilled 


added to the test water sample in the 


ml. of supplied. Lyophilized 


from with 15 


ml. of water vaccine Wis 


flasks in the 
The stabilizer 


ratio of 1 ml. to 315.3 ml. of water 


supplied with vaccine K, when used, was added in 
a O4A1-Gm 


with the 


water 


then 


amount to 30 mi, of the test 


sample virus premixture and 


added to give the original volume \ stabilizer 
consisting of two-thirds purified gelatin and one 
third dried 


yaeeine Lin the ratio of 1.46 Gam. to $15.5 ml. of 


skim milk was used in one trial with 


water. 


best 


No attempt was made to demonstrate the 


types and amounts of stabilizing materials 


All virus-containing water samples were sam 


pled in O.5-ml, amounts as neal the surface as 


possible at inte rvals of five minutes, one hour, two 
four hours, eight hours, and 24 hours 


hours, post 


inoculation. In a few cases, the 
tended this limit It was felt 


frequent quantitative viral 


sampling Was ex 
that 


determinations 


bevond more 
would 
be desirable in the earlier hours of the trials, be 
water-fasted 
dosage 
tenfold 


inoculum in extract 


cause fowl can be prior to vaceina 


administered in a shorter 
made of the 


10,000 unites 


tion and the 


time, Serial dilutions were 


broth contaming 
of erystalline penicillin G and 25 mg. of dihydro 


streptomyein per mulliliter An incubation period 
In te 


antibiotic 


of 15 minutes at 250 followed 
feed, litter, the 
doubled and the incubation period extended to 20 
trial After 


bation, each dilution was inoculated into four 10 


sts involving 


feces, and levels were 


minutes for all samples in. the ineu 
day-old chiek embryos via the allantoie sae. An 
inoculum of 0.1 ml. per egg was delivered with a 
Ieml, tubereulin -guuge 
needle, <A dilution was 
placed in thioglycolate medium for sterility cheek 


syringe and a 
small quantity of each 
ineubsator and 


days. The 


eifie 


The eggs were then returned to the 
eandled onee daily thereafter for five 


“4 hour mortalities were disearded as 


TABLE 1—Analyses of Samples of Water Used 


\nalyeis in 
parts per 
million 


Color 

Siliea 

Total solids 
Volatile matter 
Nitrate 

Nitrite 
Chlorides 
Hardness 
Alkali 

pH 

Sulphate 
Sodium 
Potassium 
Magnesium 


Iron 2 65.0 


0.20 


Fluoride 


Trace unfiltered filtered, bd —determined 


12 


Water samples (No 


10 
Obd 26.0bd 


4 
i 
4 
20 to 
io 7.0 6.5 
73.0 15.0 0.0 26.0 17.0 
o.60 O05 11 0.4 oo 
Trace 0.002 0.000 8.000 
20.0 74.0 106.0 16.0 wo 
16.0 26.0 140 60 10.0 
j 
6.5 7.6 6.5 7.2 2 6.5 6.5 6.5 
16.1 7.4 14 160.0 74 16.4 
6.0 wo 26.0 61.0 23.0) 
in 6.0 240 
ov 
: 06402 
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TABLE 2—Effect of Temperature on Vaccines 


Vater Water 
sample temp. ( 


1 
24 
i 


Titration end points were caleulated by the 


Miu neh 
hemagglutinative 


from mortalities, 


netivity of the 


method of Reed and 
nel also byw the 
Hantoie fluid in live embryos at the end of the 


fifth «dav Log embryo infeetive doses 


per milliliter of water were determined 
Determinations of pH were accomplished on all 
eneh 


during 
Beckman pH 


intervals 


iter samples at) periodic 
experiment ith model 


ResULTS 


Tables 2 through 6 indicate the resulting 
NDV from the 


numbers in 


strain of 
water samples identified by 
table 1. Vaccines are designated by their 
assigned letters or ab 
a stabilizer, 
vine titers, is also expressed 

The data 
for vaccine J indi 


titrations of Bl 


The presence 
sence of as well as vae 
T« mperatures presented 
trials | and 2. table 2 


TABLE 3—Effect on Vaccine of Stabilizers at 


Vaccine 
titer 


Water 
ample 
1.6 
stalalizer 
k 
K 


stabilizer 


Log embryo infective doses, ml 


iv Shr 


cate only a slight, gradual decline in titer 
beyond the initial titer at five minutes with 
24C and 31C. After four hours, the drop 
in titer Was more pronounced at 38 C. than 
at lower temperatures. No virus was de 
tected at 24 hours in either trial. Table 2 
indicates that in trials 3 and 4 vaccine K, 
with stabilizer, demonstrated little inclina 
tion to drop in titer, even at S8C. [tis 
apparent that high titers of BINDV_ can 
be maintained in water at normal brooding 
temperatures for at least 24 hours 

Stabilizers —Table 8 clearly indicates 
that higher titers of NDV were maintained 
when a stabilizer was used. Vaecine WK 
with stabilizer maintained higher titers in 
control and field water samples (1, A and 
C) than sustained when the stabilizer was 
not included (1, Band D When vaceine 
31 C. 


Log embryo infective doses, mil. water 


5 min 


= 
Prin Vaccine 
) 4.7 15 $5 1.5 
‘ 
kK 7.6 2 6.5 5 1 
heence of stabilizer presence oO etal or 
+, 
57 4 
2 
“tals 
“tal $ 
stabilize 
Stutalizer 
4 
: Absence of stabilizer presence of 
: 


R. W. WINTERFIELD 


J was tested with the stabilizer supplied 
with vaccine K, similar results were ob- 
served in both trials 1 and 2. When used 
with the gelatin-skim milk preparation, 
vaccine I, gave somewhat higher titers in 
control and field samples (4, A and ©) 
than when the preparation was absent (3, 
Band 

Although the stabilizing materials occa 
sionally settled or precipitated out of solu 
tion, it appeared to have no effect on titer 
In several trials, attempts to sterilize sta 
bilizer-containing solutions with a Swinny 
filter resulted in the removal of of 
the NDV_ particles. 

Chlorine in Presence of 
hilizers.—That chlorinated water is mark 
edly deleterious to NDV is seen in table 4 
(trials 5, C; 6, D; 7, B; and 8, B). No 
significant effect observed, however, 
when glycerinated 


most 


or Absence Sa 


Was 
vaccine K 
In contrast, vac 


was used 


with its stabilizer (4, © 
cine J was quickly destroyed (5, © 


AND E. H. 
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trial 6, the viability of vaccine K remained 
satisfactory, while vaccine J) was again 
rapidly destroyed. When the stabilizer of 
K was with J (7, C), however, the 
viability remained high. In 
of vaecine K without its stabilizer resulted 
in rapid destruction of the virus (8, B 
This indicated that the stabilizer and not 
the glycerine was responsible for the pro- 
tective influence 

Feed and Fecal The 
harmful effects of feed and fecal contami 
nation (singly or together) are shown by 
the data in table 4 (trials 1, B, C, and D; 
2 DP: 3, D; 4, D; and 5, D). Although de 
creases in titers were more prevalent in the 
with feed 
in trial 1 after 
obtained 


used 


eontrast, use 


Contamimation 


later hours, a marked decrease 
contamination was present 
hour, Similar results were 
combined feed and fecal 
Bacterial growth was in 

samples, particularly the 
fifth or sixth hour; higher antibiotie levels 


one 
with 
tion 
these 


contamina 
ePXCeSSIVE 


beyond 


TABLE 4—Effect on Vaccine of Feed, Fecal, and Rust Contamination, Chlorination (with and 
without Stabilizers), and Alkaline Water at 31C. 


Water sample 


heed 
+ Feces 


abilize 


and Peed 


Kust abilize 


amive 


Chlorine 
heed 


Chlorine 


+ Feed 


abilize 
J 

abilize 
J 


abilize 


Chlorine 


+ Chlorine 


Chlorine 
Chlorine J 
abilize 
J 
kK 
Stabilizer + 
Chlorine ‘ 
Stabilizer 
Chlorine 


Stabilizer 4 


of stabilizer 


Absence of stabilizer presence 


Log embryo infective dose mil 


Ihr 


6 


~ 
-_ 
. 
In 
Trial Vaccine 
(No.) Vaccine titer > min 2 hr 4 hr 6 be 
1A 1 a6 6.5 6.5 6.5 7! 7 60 1.5 
( 4.6 6.2 5.2 1.4 17 1.7 
DA 7.5 5.2 5.3 1.7 10 
tA ! 7.6 0.5 0 1.5 
B kK 7.6 5 4.4 5 15 1.5 2.3 
14 Excessive Kust Stabilizer 7.6 5 15 15 0 1.6 
1 Feces 7.6 6.0 15 >.2 
4A 7.9 60 6.4 6.0 6.3 
7 7. 7 60 6.0 6.3 2 0 
‘ 7 il Stabilizer 7.0 5.7 6.0 ‘ 6.5 
7 J 7.7 7 5.3 5.5 
7.7 7 1 1.4 1.6 
6A K 6.4 6.0 64 4.5 
St r4 6.0 5.5 5 a 4.7 
‘ 7.7 5.4 7 0 4.2 14 
7A 1 77 3 6.0 , 
oo oo o.0 oo oo 
RA 6.3 6.3 6.5 6.0 ».6 
xu 23.5 oo oo oo ‘ oo oo 
D 5.9 4.5 5.5 15 5.0 
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TABLE 5—Effect on Vaccine of Litter Contamination and a Fluoridated Water at 31C. 


Wood shay 
Cane litter 


in the broth diluent were needed, therefore. 
Bacterial metabolic end products presum 
ably exerted an effect on viability. This 
observation is similar to that 
propagation 


somewhat 
made by Bankowski'’ in the 
of NDV an vitro 

Rust ol Tron 
Water 


The presence of excessive 
iron in rusty water trough 
had no harmful effect on NDV (2, ¢ 
3, (, table 4 In fact, titers were higher 
at the end of 24 hours in the 
taining iron than in a similar noneontami 
sample. This 
stabilizing effect by the 


from a 
and 


Water con 


nated water suggested the 
possibility of a 
metal 
Variations in pil 
to OY had little effect on NDV titers 
although alkaline, main 
tained satisfactory viability for 24 hours 
7, D and &, D, table 4 In other trials 
table 4, 3, (; table 6, 2, A, B, and C) as 
the water tended toward acidity, titers 
were not greatly affected. Fluctuations in 


Ranges in pil of 44 
Wa 


ter sample &, 


pH were noted in some water samples dur 


experiment Atmospheric cond) 
tions, bacterial growth, or other 


may have been influential in these changes 


ing an 
factors 


Log embryo infective doses, ml. water 


investiga 
have 
with 


Previous observations by othe: 


' indicate animal viruses 
optimum stabilities about) pil 7, 
ranges varying widely about this 
Litter Contamimation Fluoridated 
Water Data in table 5 
ful effect of wood shavings as a contami 
nant of water (trials 1, C and 2, © 
Where glycerinated virus stabilizer 
were used, this effeet was not apparent 
until after the eighth hour ¢1, 
ever, the effects were seen as early as the 
first hour (2, It 
also evident cane litter contamination 


tors most 


and 


reveal the harm 


with wits 
that 
had some detrimental effect on titers after 
the fourth hour (1, Dand 2, D 
When 
bilizer, titers remained as high in the fluo 


With 


the same 


Vaccine 


vaecine KO was with its sta 


ridated water as in the control vac 
cine J 
as the control for eight hours buat dropped 
to zero by the twenty-fourth hour. It is 
impossible to state whether fluoridation or 


the titers remained about 


some other factor was respousible for this 
It is evident that the glyveerimated 
stabilizer, 
this deeline 


decline 


vaccine and however, were able 


to prevent 


TABLE 6—Effect on Vaccine of Saline, Hard, and Randomly Selected Field Water Samples 
at 31C 


[ 
TANUARY 1956 
Trial Vaccine 
No Water sample Vaccine titer > min 1 he ihe ober shir Jahr 
Z 7.4 6.3 3 43 40 4.5 
( Wood avings Stabilizer 4 oo ou 
D 64 Cane litter 0 7 0 
Absence of stabilizer presence of stabilizer he tog 
“4 
» 
AG 
og embryo infective dom ute 
Trial vow ember nfeeti » ml ater 
No Water sample Va ne titer min he he he he 
a5 kK 7.6 ».5 7 5.9 60 12 
Stabilizer 6 4 4 4.5 ‘1.4 
\ 6 6.5 6.5 60 4 “ 
~ 6 6.5 6.5 60 6.5 7 
10 Stabilizer 6.5 6 60 4.5 1.2 i 
11 x6 6.5 6.3 60 4.5 to 
7.5 7.5 7.5 7.5 6.5 
M 75 7 7.5 7.5 7.4 74 7.5 
‘ Stabilizer 15 7.5 7 66 7 6.40 
1 i 66 7.5 6.5 £6 66 
Absence of stabilizer presence of stabilizer 


10 W 


and Hard Waters.--Saline water 
not found particularly harmful to 

table 6). Water sample 2, which 
high in total volatile matter, 
chlorides, and hardness, produced no 
harmful effect in trial 1. After four hours, 
only a slight depressing effect on titer was 
exerted in trial 2 

Randomly Selected Field) Water 
Of the field water samples in trials 
Sand 4 (table 6), No. 9 and No. 10 had no 
effect on titers of vaecine I. Sample 11, 
on the other hand, decreased progressively 
to zero in 24 hours. With vaccine M, the 
titer was noticeable 
its higher initial titer 
much as most waters are of complex chemi 
cal composition, it is difficult to state why 
some have adverse effects on viability and 
not. However, the viability of 
was usually less affected in’ sterile 
distilled water than in field water samples. 

Varinum Tine Although 
of the trials were confined to a 24 
hour period, a few titers were determined 
beyond this time: table 4, trial 3 A, 28 
hours, 10 °°: 32 hours, 10°°: 48 hours, 
10°°: table 5, trial 1B, 28 hours, 10 

4 10° 7; 48 hours, 10°; table 5, 


hours, 
trial 2 A, 28 hours, 10°7-°; 32 hours, 


Saline 
WHS 
NDYV 


WAS solids, 


Nam 


ples 


decrease Virtus less 


because of 


do 


Nurvival 
thost 


DISCUSSION 


According to the experimental data, en 
vironmental factors may favorably or un 
favorably influence water-administered 
ND vaccine. The significance of these re 
sults can not be understood, however, until 
dosage requirements and time necessary to 
administer the are determined 
Data’ from preliminary work suggest 
that satisfactory immunity results) from 
administering Bl strain of NDV in a two 
hour period, after a four-hour water-fast 
ing period. Results were similar to those 
obtained when the NDV 
ministered for more than eight or 24 hours 


dosage 


dosage was ad 


If a satisfactory antigenic response can be 


obtained from administering the vaccine 
ina relatively short time, many of the un 
desirable effects determined in this study 
can be avoided. The actual dosage intake 
for each chick is more closely related to 
the titer of virus in the water than it is to 
the volume of water consumed.'” With a 
high virus titer, a large dosage intake can 
be obtained in a comparatively short) vac 
cine-exposure time, 


WIN TERFIELD 


AND E. Seapans im. J. Ver. Res 
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Stabilizers demonstrate their 
effect in maintaining higher titers for ex 
tended periods (more than 6 or & hours 
Because of varied field conditions, it would 
seem desirable to use stabilizers in vaecine 
solutions even when administered for 
short Although no attempt 
made to determine the best types of stabil 
izing materials, it is well known that most 
viruses are more stable in mediums of com 
plex organic The 
salt-free purified gelatin, beef 
blood serum, and dried milk is common 
practice in virus preservation. Viral ae 
tivity may be protected against inactivat 
ing agents by foreign proteins acting as 
competition mechanisms. Prevention of sur 
face denaturation has also been suggested. ' 


greatest 


periods, Was 


ise of 


extract, 


SUMMARY 
(Bl 


conditions of 


strain 
water 


] ) Neweastle disease 
under simulated field 
administration, maintained its viability in 
some trials for as long as 32 hours. In 
other trials, shorter survival were 
obtained depending 
conditions. 

2) Viability of the vaccine virus was ad 
affected by high 
chlorination, litter, feed and fecal contam 
ination, a fluoridated water, and 
cific factors (undetermined in 
waters. Most effects not as 
pronounced during the first four to six 
hours as they were beyond this time; a 
higher dosage intake of Neweastle disease 
virus (NDV) during this early 
therefore, would marked 
In titers 

3) Essentially no effect on viability re 
sulted from hard water, saline water, rust 
or iron contamination, and wide variations 
in pH 

Organic or animal-protein stabilizing 
materials, as well as a 
lizer, were of definite value in) enhancing 
NDV_ viability 
Most of these conditions were amenable to 
the use of stabilizers provided the initial 
NDV titers were satisfactory 


ViIrtts 


times 


upon environmental 


versely temperatures, 
certain 


adverse were 


period, 


avoid decreases 


commercial stabi 


under adverse conditions 
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The Etiology of an Arthritic 


Disease of Chickens 


M. S. COVER, V.M.D., Ph.D.; J. N. GELETA, D.M.V.; 
E. F. WALLER, D.V.M., M.S. 


Newark, 


Previous reports of arthritis in poultry 
have indieated various bacteria as etiologi 
cal agents. 

In 1951, Hole stated 


aurcus Was responsible for 


that Staphuylococeus 


an arthritis and peri 


arthritis in pheasants, reported 
of 
prominent 
of 
Salmonella pullorum 
etal 
agent whieh appeared unrelated to the cases pre 
An to that dis 
workers subjeet of this 


and Thorp «ft al 
arthri 
1936 


an unusual form fowl! cholera which 


tis 
cited a 


in 
sJenudette in 
chick 
W ills * 
reported the isolation from chiekens of an 


Wis it sign 


arthritis caused by 


Recently and Olson 


similar 
the 


viously reported agent 


cussed by the latter is 
report 


It 


now 


an infeetious arthritie disease 
chickens the 


Incrensing In importance 


that 
present 
be 
been observed 
12 of age. 
reported to be 


appears 
Delmarva 
The 
growing 


Is in it aren 
disense 
birds 4 
variable 


Hlow 


and may 
only in young 
Morbidity h 


30 


has 


to weeks been 


and as high cent 
mortality 
the 


measured primarily 


per 


has been low, about per cent 


of the 
number of eulls 


ever, econome Importanes disease can 
he the 
crippled birds which result, 

The affected 


tend to 


listless, and 


They 
pale 


birds become weak, 


show 


the 
greenish diarrhen is 


sitting position 


comb and wattles become and 


tlmost a constant 
hock 


ire us 


shrunken, 
feature, and gross enlargement of the joints, 
footpads, wing joints, and keel bursae usally 
seen 

the 
the 
tendovaginal 


of 
pos in joint) bursae 
of the sheaths, The 
spleens were enlarged and the swollen livers had 
a definite 


revenled 


eres 
mans 


Neecropsies 
to 


Presence Tenacious, 


vellow involved 
and in 
discoloration 

of the affeeted 
tendon sheaths 
proximal to the 
The 
contain a 
to 


green 

showed 

af 
to 


Careful disseetion limbs 
that the 
feeted 
the 


were 


flexor were severely 


hock 


structures 


from a point just 


aren of the foot pads avnovial 
thickened 


and viscid, vellowish ex 


udate whieh become thieker advanes 
There 
this 
ation with hemorrhagic disease or chron 
Arthritis with 


however 


has been no evidence to indicate that 


disense has any eliniean! or etiologieal assoc) 


respira 
coeXist either 


tory disense 


of 


mas 
these dineuses, 


and Voultry Indus 
Experiment 
No. 215 


are Ex 


the Animal 
University 
tion, Newark 

with the 
periment 


Department of 
of Delaware 
Published 
of the 


try Agricultural Sta 
miscellaneous 


of the 


paper 


approval director Delaw 


Station 


Delaware 


PERIMENTAL DATA 


All 


typically 


of the were trom 


isolations 
affected 
tests 


igent 


chickens which upon heeropss 
of 
affected 
asepti 
This 


nm 


evidences 
the 
vithdrawn 


showed 
complicating diseases. Exudate 
iths was 


and laboratory no any 


from 
joints and tendon she 
calls 


material 


by means of a hypodermic syringe 
for passage 
it 1:5 
broth 
prepared 


both, 


inoculum 


after 


wis used an 
eggs 


| 
ul 


embryonating ehicken diluting 


with sterile sia line nutrient 
In some 
by gronding 


sterile 


or 


cnses, additional inoculums were 


liver or spleen tissue, or with 


broth 
ote dl 
the 


nutrient 
alls 
necropsied in this laboratory 
1954 At that 
tify a possible etiological agent other than making 
routine the 
ugar, 
vielded 

occurred 
with 
faint 


Several lots of typi birds were 


during spring of 


time, no effort was made to iden 


bacteriological cultures from joint 


exudate, liver, and spleen on nutwient nutri 


Nom 
change 


bac 
the 


ent broth, and blood agar in 


terial growth. <A on 
blood agar 
All of the 


sis along the line 


special 
medium inoculated liver 
showed a 
of 
visible along this lime 
lation of 
Difeo) for 
Our first 


presented 


eultures 
No colonies 
result of imocu 
PPLO agar 
pole ropheumonin like 


of hemoly 
inoculation bn 
The 


medium 


artificial 
of 


always 


suitable 
the 
(PPLO 
rimental dome 
ut the May 
of liver and spleen tissuq W 
grinding the vith 
of Inoculation 
47) intra 
weeks of 


Tw 


isolation 
Wis negative 

ith 
16, 


us 


work wi 


1s 
chiekens laboratory 
1054 An 


prepared by 


on 
inoculum 
mortar 


tissue in a 


10.00 ml nutrient broth 
of this 


into 


sand ane 
of 
museularly 
ange 
of 


ml. material Ceulture D 


birds approximate 


produced typical synovitis and arthritis 
the 3 


while 


subeutaneously showed 
of 


failed 


birds imoculated 
the 
conjunetivally 
the 


show 


lesions, inoculation birds intratra 


and to produes 


of 


ehealls 
eontrol birds 
The affeeted 
table 1 

submitted 
of the 


eul 


evidence Ten contact 
failed to 
birds were destroyed and necropsied 
On May 19, 1954, 
the laboratory for 
jount collected 
luted 1:5 broth 
D278 
the volk 
eggs. No 
Embryo mortality 
enth 
fluid 


st 
signs after 450 days 
another bird 


diagnosi \ sample 


wie eptieally 


This 


inoculum 


exudate 
material 


for 


with nutrient 


ture served as an in 


embrs ehickel 
nodded 
the 
following inoculation and 
harvested A total of 
mince Non harvests 


from these passages showed ans 


iw of seven-day onuting 
to the n 


“ixth 


antibiotics were iterial 


oceurred on nod sev 
lay 
four seriml 


of the 


Wiis 
passages was 
hemagglutinating 


| 


Phe 

= 

{12] 


Arturiric Diskase oF 


CHICKENS 


TABLE 1—Pathogenicity of an Arthritis-Producing Agent in Chickens 


Inoculation 


route 


Intratrachea 
Intramuscular 
Subcutaneous 
Conjunctival 
Contact contro 
Intramuscular 
Intravenous 
Subcutaneous 
Conjunctival 
intratracheal 


contr 


aetivity nor did they show any evidence of baete 
rial growth hen cultured on blood agar of PPLO 
\ pool of liver and spleen tissue SUSspension 
Wis injected into apparenths healthy chiekens 
weeks of age All 4 of the birds which received 
O5 ml. intramuscularly, or ml. intravenously, 
showed signs of the disease in seven to 14 days 
Two of 4 birds whieh reeeived subeutaneous in 
jections beenme affeeted while those inoculated 
conjunetivally of intratracheally, and the 4° eon 
tact controls failed to respond 
On Aug 1954, eight Ll2-week-old chickens 
were sent to the laboratory for diagnosis All 
birds showed the typieal signs and pathological 
changes of arthritis. Samples of joint fluid were 
collected and pooled. Bacteriological cultures of 
this material eulture 33) on blood agar and 
PPLO agar were negative After diluting the 
joint exudate 1:5 with physiological saline, it was 
injected into the volk sae of eight, 7-day old em 


brvonating chieken eggs, each reeeiving ©.2 mi 
of imoeulum Edema of the chorioallantote mem 
brane with the presence of numerous typieal grey 
white plaques, especially along the blood vessels, 
were present Other pathological changes were 
enlargement of the liver and spleen. The liver was 
frequently spotted with small, neerotic, yellow 
grey foei aud this organ had a definite, green dis 
coloration The kidneys of some embryos were 
congested and swollen. The first death of embryos 
occurred on the fourth day following inoculation, 


nd all embrvos had died by the seventh days 


TABLE 2—Mortality with Strain 91 of Infective Agent 
Chamber of 7-Day Embryona 


inoculated 


Sumber dead over number inoculated 


Source of 


noculun 


er, aple 

r, splee 
splee 
splee 
spole 
aple 
spleen 
aplee 


This sti 
mained 
freezes 


acteriologien 


N 


positive 


No. injected 


the arthritis 


4 


when 


injected 


we 


nt lines 


re 


divs 


eultures and hemagglutination 


te were condueted on every samy 


fluid, The tollowin 


leo 


f hary 


ested 


g caurbohwdrate 


mediums were tmoculated direetly from 


vested from the 


enbrvonating 


ucrose, sorbitol, 


nose, maltose, and 


Was ane 


riffinose, dextrose, 


rst as well os 


ee 


adonitol No 
turbidity 


volks 


from the 


tose, 


ired 


Five similar isolations of an agent 


in 


have 


made in embrvonating chicken eggs from the 


exudate of field 


en 


numbers 3 


All o these straits prod 


when injeeted into 


nating chieken 


the disease in 


the volk sue of 


need 


eggs, and all) strains 


eh 


har 
thire 
hiitel, 


pil 


joint 


ined 


mortalit 


is oem 


brve 


reproduced 


ickens when injeeted int 


nousl¥y or intramuscularly The ty 


pattern in embryvonating eggs is shown 


with summary 


f the total mortality 


by five of the trains (table 3 l 


that strain 34 was 


per cent mortality, 


pathoge nie with 


io 


the most pathogenic 


While strain 97 woes 


per cent morta 


Filtration experiments using Se 


been accomplished 


trials, Seitz pads 


were used The 


produced 


brvonating chicken 


postinacu 


mortality when injeeted 


with five 


ind filters of the 


filtrate from pud 


eggs, while th 


When Inoculated into 
ting Eggs 


t Is 


hits 


mort 


rive 


ulit 


table 


of int 


thie 


itz filters 


of 


e fil 


the 


trate 


Yolk 


with 


inte 


erest 
boo 


and 
em 


from 


: 
2/3 
D247 Li 0/10 6 
Bird eld for 21 days 
live after 72 
t 
2 
> 
4 
l’assaue No. of eggs 
7 
1/25 i “ ‘ “ “ i/4 


14 COVER 


the pore size of U.1 w did not produce mortality. 
All five strains gave similar results (table 4 

The lethal (L.d.jo of these five 
embryonating eggs was variable, At intervals dur 
ing the serial yolk sae passages, titrations were 


dose strains in 


TABLE 3—Results of Embryo Passages of Five 


Strains of Infective Agent 


No. of 
serial yolk 


Mor 
tality 


Kegs in Mor 
tality 
(No.) 


No of oculated 


culture passages 
iv 


‘ 


made using serial log dilutions of the inoculum, 
These titrations showed the Ld.so for strain 35 to 
be 10° at the level of the third embryo passage 
and 10 at the These data 
und those of the titrations of the other strains is 
(table 

Four of these isolates were tested for their re 

heat. Yolk 

strains 33, 91, 96, and 105 was placed in test tubes 
87C. for 0, 1, 2, 4, 4, 


fifth embryo passage. 
summarized 


sistunee to material representing 
incubated at and 5 
This material after 
injection into embryonating chicken eggs. Strains 


and 
hours, mortality 
OL and 105 remained viable after exposure to 37 ©, 
for six hours. Incubation of samples at 560, and 
testing at hourly intervals showed that the agent 
was almost completely destroyed during the first 
hour (table 6). 

Tests conducted to 
of the embryonating egg 
highest concentration of the agent, From 
embryonating eggs, inoculated with strain 33 
fluid, 


were 


ascertain the 
which 


were portion 
contained the 
two 
har 
chorioallantoie chorioallantoie 


yolk 


prepared as 


vests of the 


membrane, embryo, and made. These 


materials were inoculumes 
and titrated in embryonating chicken eggs. The 
yolk material produced the highest Ld.oo, namely 
The other titers 
allantoie fluid, 100° chorioallantoie 
and embryo tissue, 10°", 

The agent was susceptible to certain antibioties 
tested i In these trials, the antibi 
udded to the 
for 30 minutes at room temperature be fore injee 
yolk 
five 


separate 


produced were: chorio 


membrane, 


when vitro, 


oties were inoculum and incubated 


embryonating 
(33, 91, 96, 


chamber of 
tested 


into” the 
Of 


tion 


chicken strains 


TABLE 4—Filtration Experiments with Five 
Strains of Infective Agent 
Cultures 
Filter 
pore size u6 


Unfiltered i4 
i 

2.0 8.5 


‘ 


‘Number deaths/number embryonating 


inocu 


lated: ** no visible lesions other 2 showed lesions 
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TABLE 5—Titration of Five Strains of the 


Infective Agent 


Ist titration tria 


trd 
lu * (Ath 


"6 


\gent 


(No.) 


tnd titration trial 


47 


lo! rth 


All titrations made from yolk sac harvest of embry: 
adapted material as 

Embryo lethal dose 
cate the 


chicken eggs prior to titration 


indicated above 
numbers in parentheses ind 
serial embryonating 


number of passages in 


97, and resistances 
than the others. 


40,000, 


105), strain 33 has shown more 
amounts of 20,000, 
units per milliliter of 
effect on the mortality 
eggs Streptomycin, 


Penicillin in 
and 
lum had little, if 
pattern of 


50,000 mocu 
any, 
embryonating 
furazolidone® in 


terramyein,® achromyein,® 


amounts did reduee embryo mortality 


(table 7). Strain 34 
mortality in the 


various 
continued to produee em 
of all 


furazolidone 


bryo presence levels of 


streptomycin, terramyein, and used 
Achromyein reduced the embryo mortality by this 
tested Although 
work regard 


treating field 


strain more than any agent 
there is no controlled experimental 
these 


ing the efficiency of drugs in 


outbreaks, the use of 200 Gm. of aureomyem oF 


200 Gm. of furazolidone per ton of feed has been 
used. Reports indicate that these treatments hinave 
results (table 7 


piven beneficial 


DISCUSSION 


It appears that the agent involved in 
this form of arthritis and synovitis is dif 
ferent from the bacterial type reported 
previously by various investigators. Al 
though only preliminary filtration 
are reported, the size of the agent appar 
ently places it in the 
small bacterium or large particle virus. 

There is no experimental evidence to in 


tests 


classification of a 


TABLE 6—Resistance to Heat of Four Strains of 
Infective Agent 


Treatment of agent 


Cultures treated 
Time Temp 
(hr.) C.) “1 46 


None 


Number deaths/number embryonating 


luted 


— 

Ld 
(9th 

(6th 
. 
= 
73 
1 4 5/5 5/5 5/5 
3 5/5 4/5 
% 5/5 5/5 
45 
56 1/5 15 
2 56 1/5 1/5 1,5 
3/5 16 0/5 
5/6 6 0/5 
o/s 5 56 “04 0/5 
inocu 
— 
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ARTHRITIC 


TABLE 


Dose /m! 


Drug 


of inoculum 


Penicillin 20,000 units 
Penicillin 
Penicillin 


Streptomycin 


10.000 units 
50.000 unites 


10.0 me 


Streptomycin 20.0 me 


Streptomycin 50.0 me 


Terramyein me 
Terramyecin me 


Terramycin my 


Terramyein mg 


Terramycin me 


Achromycin me 


Achromycin me 


Achromycin me 


Achromycin meg 


\chromycin me 


Furazolidone me 


Furazolidone Smeg 
Furazolidone mg 


Furazolidone mg 


Number deaths oumbe inoculated 7-day 
dicate that there is an etiological connec 
tion between this disease and chronic res 
piratory disease or the hemorrhagic syn 
drome. Intratracheal and conjunctival 
routes of inoculation have failed to pro 
duce any pathological change in chickens. 
No growth was evident when cultures were 
made on PPLO agar. 

It is also evident from preliminary trials 
that the agent is not susceptible to penicil 


lin, but some strains are susceptible to ach 


romycin, terramycin, streptomycin, and 
furazolidone. Reports from the field) sug- 
gest that aureomycin at the rate of 200 
Gm. per ton and furazolidone, 200° Gm 
per ton, have been successful in controlling 
some outbreaks of this disease. [Hlowever, 
additional studies will be necessary to de 
termine the degree of therapeutic value 
for these drugs. 

Passage from bird to bird, or bird to 
embryo has been successful. There is some 
evidence in our work that embryo passage 


OF CHICKENS 


7—Susceptibility of Strains of Infective Agent to Certain Substances 


Strain of agent 


onating eggs approximate 


may reduce the agent’s pathogenicity for 
birds. 


SUMMARY 


The isolation of an agent or agents from 
field of an arthritic condition i 
chickens is reported. The agent appears to 
be similar to that reported by Wills * 
Olson ef al. 
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An Intracerebral Inoculation Test for Determining the 
Safety of Newcastle Disease Vaccines 


R. P. HANSON, Ph.D. 


Madison, Wisconsin 


s of Newcastle disease virus used as 
living can be divided two 
types; those that can be applied with rea 
sonable safety to chicks as young as 1 day 
of aye those of somewhat 
pathogenicity that 
safety only to chickens 4 to 5 weeks of age 
Strains of the first type, lento 
take longer to kill embryo 
hating primarily 
by the respiratory route, and presently are 
represented by Bl, LaSota, and F strains.* 
Those of the second type, 
character, kill after a shorter 
period than the lentogenic type and are 
introduced into the skin or musele tissues 
These include Roakin MK 107 
strains,” 

Contamination of a vaecine representing 
virus with a 
high mortality 
A sure 
and sensitive method of distinguishing be 


into 


vreater 


with 


anid 
can be given 
or older 
venice tii 
administered 


are 


incubation 


and 


a lentovgenic stram of meso 


venice virus has led to a 


among baby chicks (unpublished 


tween the two types is obviously desirable 

Lentogenic strains not only take longer 
to kill embryos but also appear unable to 
multiply in the central nervous system of 
the chicken. Virus can be recovered from 
chicks inoculated when than a week 
old if they are killed three to seven days 
later, but the virus has not been recovered 
by subsequent blind passages of the brain 


less 


Department of Veterinary 
published with the 


Agricultural 


Paper No. 185) from the 


Universit of) Wisconsin 
approval of the director of the Wisconsin 
Experiment Station 

funds supplied by th Agricul 


Agriculture 


Supported inp part 
tural Research Service, | S. Department of 


Full designations of the strains are I, also known 
the Blacksburg of 
LaSota 1946. England New Jerse 


MK 107 1946 CT 


strain New Jerse 


Roakin 1946, Mas 


intranasal 


material in chicks. Mesogenie strains, 
while usually unable to traverse the blood 
brain barrier readily multiply in the brain 
of chickens of any age if introduced by the 
intracerebral route. Such strains may be 
propagated serial 
fatal to 
chickens 
Virus 
yuethod of 
two types of Newcastle disease virus 
Kmbryo-cultured virus samples may be 
used for testing or a vaccine sample may 
100 doses of vae 
cine are contained in Tomi. of diluent. The 
inoculum is a 1:10 dilution of the sample 
and chick 0.05 mi. of 
the inoculum, intracerebrally, it) receives 
the equivalent of 0.5 dose of vaccine. This 
quantity may represent from 50 to 500,000 
embryo lethal Ten 
chicks are inoculated with the sample and 
placed in a Horsefall-Bauer unit; the ob 
The intra 
is calculated 


brain passages and 
ature as well 


Intracerebral inocula 


are ustially as to 
day-old 
tion of 


sensitive 


into day-old chickens is a 


distinguishing these 


be reconstituted so that 


since each receives 


dose | al doses. 


servation period is eight days 
cerebral pathogenicits 
on the basis of a daily record of signs and 


index 


mortality 

Death of the chiek (table 1 
twice the weight that was given to signs of 
This is similar to the method of 
weighing severity of used for in 
fluenza The eight-day 
observation after trying 
With rare ex 
ception, sigus reached a maximum before 
eight days, frequently at seven days but 
not often before six. An additional day or 
two of observation added little informa 
It should be ported out that if the 
tlated data in 


Was vivell 


dlisease 
disease 
infections of mice 
Was selected 


longer and shorter periods 


tion 


index was cal using the 


TABLE 1—Data on and Calculations of the Intracerebral Pathogenicity Index Using Inoculum 
Sample 505 


Dave ofter inoculation 


Dead 
Signe 
Normal 
Olmerva 


tions 
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table 1, but over a shorter or longer period, 
it would be altered slightly. Therefore, 
such indexes should not be considered com 
parable—the index for seven days would 
be 1.0 and for nine days would be 1.2. The 


Patho- 
from 


TABLE 2—Representative Intracerebral 
genicity Indexes Obtained with Samples 


Repository Stocks and Commercial Vaccines. 


Lentogenic strains Mesogenic strains 


BI LaSota Roakin 


od 0.60 1.17 


O10 0.00 1 66 1.10 


+16 ooo 1 oan 


same thing would be true if other factors 
in the the number of chickens and 
size of dose, were altered. 

Tests on samples of vaccine strains ob 
tained from different sources indicate that 
the differences between types are of a sig 
nificant magnitude. The intracerebral 
pathogenicity index (IPL) of a lentogenic 
strain should be within the range of 0.0 to 
025 and that of a mesogenic strain be 
tween 0.50 and 1.80. 

One must also know the relationship be 
tween concentration of the virus and its 
effect on the chick if the index is to be 
used to differentiate between lentogenic 
and mesogenic strains. 

The quantity of virus introduced does 
not markedly affect the index (table 3) if 
it contains more than 10 Ld..,. Hundred. 
fold dilutions of the virus containing from 
1 to 1,000,000 embryo Ld... were inoeu- 
lated into day-old chicks and the intra- 
cerebral pathogenicity indexes derived 


test, 


TABLE 3—Effect of Dilution of the Inoculum on 
Its Intracerebral Pathogenicity Index 


Intracerebral pathogenicity index 


Mesogeni« 
strain Roakin 


Lentogeni 
strain BI 


Log embryo 
lethal dose 


oo 
oo 
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The IPL can be used to distinguish len 
togenic and mesogenic strains of Neweastle 
disease virus over a wide range of virus 
concentrations. Equally important is the 
detection of a small quantity of econtami- 
nating mesogenic virus in lentogenie 
stock. To determine the efficacy of such a 
detection method, dilutions of Roakin vi 
rus containing 10°, 10°, and 10° embryo 
Ld... were mixed with equal quantities of 
Bl virus containing 10°, 10°, and 10° and 
embryo Ld. The presence of mesogenic 
virus was readily detectable even when the 
ratio of mesogenic to lentogenic virus was 
1:10,000 although, in this instance, the 
death time (table 4) was delayed slightly 
(IPL of 0.51 as compared to 0.76) 


TABLE 4—Intracerebral Pathogenicity of Small 
Quantities of Roakin Strain when Inoculated with 
Large Quantities of Bl Strain 


‘ 


Low embryo 
Lov embrve lethal doses, 


lethal dose, 
Koakin 


SUMMARY 


The slowly killing or lentogenic strains 
of Newcastle disease virus appear to be in 
capable of multiplication in the central 
nervous system of young chickens. These 
strains are frequently used as living vae- 
cines for day-old chickens and their con 
tamination with the more pathogenic 
strains, sometimes used for vaccination of 
older chickens, can be detected by a test in 
which day-old chickens are inoculated in- 
tracerebrally. The application of the test 
and its interpretation are discussed, 
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Oxytetracycline in Bovine Mastitis. Il. Milk Levels Following 
Local and Parenteral Administration 


L. E. BARNES, D.V.M., M.S. 


Ames, lowa 


With THE introduction of oxytetracycline 
into the field of veterinary medicine, inter- 
est was immediately aroused in its use in 
the treatment of infectious mastitis. Field 
trials indicated that it had therapeutic 
value, but little was known about the con- 
centrations of oxytetracycline in the bo 
vine mammary gland or how long those 
levels were maintained following admini 
stration, either by local infusion or by 
parenteral injection, This a report of 
such a study. 


Is 
LITERATURE CITED 


of the 


routes and rates of climination of oxytetracyeline 


Schipper and Petersen” made a studs 

when administered intravenously, intramammarily, 

They 


therapeutic levels were detected the 


reported 
milk 
hours following loeal administration 
They 


between 


and intramuseularly in dairy eows 
that 
us long as 72 
with found 
great in differ 


ent cows and between quarter samples of the same 


oxytetracyeline ointment. also 


variations coneentrations 

cow, 
Several 

establish 


to 
re 


investigators working independently 
milk of 
ported an inverse correlation between the volume 


levels various antibioties 
milk production of the eow and the coneentrations 
of antibiotic Kanegis ef al.” MeCulloeh 
et Haskins, and Sehipper 
Petersen" all reported finding this relationship in 


found 


Kdwards and and 


milk levels of chlortetraeyeline, Edwards and Has 
kins, Jackson and Bryan, Hoerlein and Sehalm,' 
Sehalm,”” Jasper and Weirether,” Packer,’ 
Throp, Ubrik, and Straley found the same corre 
lation with penicillin milk and 
Stevenson 


and 


levels, Trussell 
Haskins 
the same with streptomycin milk levels. 


and and showed 


oF Proceptre 


All of 


of oxytetracyeline were in the dairy 


milk 
herd 


were chosen 


levels 
of the 
as rep 
groups: 


cows used for determination 
lowa State College. Animals 
of the following 


per day milk production, 20 to 40 Ib 


resentatives 
10 to 20 Wh 
per day milk production, and 40 to 60 Ib 
milk All 


production 


per day 


production quarters were clinically 
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State College 
Taken 
partial 


Department 
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Master 


graduate 
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to the 
requirements 
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from a thesis submitted 
fulfillment of the 
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of 


Science 
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Milk 


ately 


samples for collected immed 
the 


Was performed 


assay vere 


daily milking 
the 


udder 


twice 
to 


prior to regular 


Colleetion sO 


minimize 
The 
foremilk 
identi 
to the 
nut 


us 
contamination of the sample 


the 


chanee of 


and teats were cleaned in us has 


deseribed Only striet 


The 


immediately 


been pres ously 


sin ples collected 
fied bby 
laboratory 
until 


were samples were 


und returned 
they 


number 
where either 


they 


were 


frozen 


refrigerated 
usually within 


later 


nussaved 
for 


infusion 


hours) or were use ata time. 


Oxvtetracveline oimtment were admin 
after removal of the 
the left the 
consisted of the administration of 
of 


tubes (7.1 


machine and 
\ treat 


the entire 


istered milking 


before cow room 


milking 
ment 


contents one or more commercial ointment in 


mg. 


con 


Ho 
The 


fusion each 
of 


tent 


fom, containing 


oxVtetracveline per gram of vehiel 


was cousidered as a lose 


of tubes 


of one tube 
the 


and contents two were considered 


us 
the 
up 
ot 


Following administration, 
brietly 
quarter 


close 


tent massaged with 


the 


and udder were an 
to 
the 


which received only 


ward motion ome dispersion of 
through 
Qluarters 


ment 


nent 
one 400 mg. treat 
at milking time 12 hours 


tre 


were every 
The 
24-hour 


hours following atment. 
three 
were sampled every 12 either 
the last The 


were treated with three S00-mg. doses were 


for 72 quarters 
intervals 


ou 


receiving doses at 
hours for or 72 


hours following treatment. quarters 
vhieh 
sampled every 12 hours for 72 hours following the 
last infusion. 

A standard 


oxytetracyeline 


of 
the 
contents of one vial of 20,000 wg. of assay quality 
ml. of milk. 

this into 


solution of LOO pg milliliter 


prepared by 


per 


wis dissolving 


oxytetracyveline 200 sterile skim 


After 
sterile glass 


thorough mixing, was dispensed 


amounts and immedi 
of 


standard 


vials in 


frozen, Serial dilutions 
to 


u control for each assay plate. 


ately oxytetracyeline 
and to 
These di 
of the 


to con 


were used establish a curve 


serve 
serial dilution 
milliliter ) 


per 


obtained 
(100 


40, 


lutions were by 
ME. 


solution 
of S80, 


standard per 


centrations 0 milliliter 
(tig. 1 
The 


technique of 


the 


modified 


of followed 
Vineent) and 
Williams 


culture 


method assay employed 
Vineent 
to use large pyrex bak 


This is ordinarily 


us 
and 
for 


hy 
ing 
called the pad-plate method and involves the prin 


CGirady 


dishes plates 


ciple that a given concentration of an antibiotic 


will always produce the same size zone of inhibi 
test 


tion in agar against a under stand 


It 


organism 


ard conditions was found in the present work 
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that oxytetraeveline could be measured whol hvdration of the agar during the period of ine 
milk by this method in amounts as small as 1.25 bation. It was found that prevention of dehydra 
ug. per milliliter tion Was the most important consideration 
Two lavers of culture medium (table All unknown specimens were diluted with sterile 
the culture plates so as skim milk to reneh the range of most accurate 
rendings of the zones of inhibition. This range 
TABLE 1—Medium for Assay Plate Culture vas found te between 10 and Og. Of OX) 
tetracveline por milliliter If it was found that 
Peptone < tm the dilution was not in the correct range for aeeu 
rrypticase BEI im 
Yeust extract Gin 
Beef extract idm the dilutions adjusted to bring the readings closer 


rate interpretation, the sample was reassayed with 


\gar to that range All samples were assayed in 
Distilled water qus 


eute on each of two plates, using a separate dilu 


tion procedure for euch plate \ separate seri 


‘ 


nore aly or 
of standard dilutions of oxytetracyeline 
skim milk was prepared for each assay plate 
uniform thickness of the top liver of agar. Two The filter pucks were impregnated by immer 


hundred milliliters of melted medium was poured ing them in the sample for 30 seeonds and then 


into a sterile plate with the plate ino a level pos shaken to remove the excess fluid before placing 
tion After this layer had hardened, 100 ml. of them on the aguas The plates were incubated at 


melted medium was inoculated with O.1 mil ip sy for periods varying from 16 to 22) hours 
proximately 2.2.x 10° spores per milliliter) of the No significant variation in the results were found 


SUSpelsion of washed spores of Bacillus cereus but the zones wer sharper and eusier to read if 


van mycoides 9634, nnd incubation was terminated at 16) hours 
lavered over the top All plates were poured so The zones of inhibition were mensured by pro 


that no more than 30 minutes elapsed before the jecting the image of the plate and the zones on a 
filter-paper pads were placed on the agar Th 
plates were covered with aluminum wrapping foil 


to prevent both airborne contamination and de 


1G. Browne, Department terir Anatom lowa State Co 


Fig. 1—View of an incubated assay plate of the pad-plate method using a pyrex baking dish 

as the culture plate. The top row of pads were impregnated with sterile skim milk containing 

80, 40, and 20 wg. per milliliter (left to right) of oxytetracycline. The pads in the lower rows 
were impregnated with samples of unknown material in serial dilution, 
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- 
mes 
Pe 
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E. 


The 
the projector was placed 9 feet 
The zone diameters were 


screen with a master vu-graph projector. 


upper mirror of 
6 inches from the sereen, 
measured by holding a centimeter seale 
the sereen in the image of the inhibition zone, It 
that the image was magnified 75 


projection, 


against 
was estimated 
such 

Data for the 
averaging the diameters of the zones of inhibition 
the 


averages 


times by 


standard curve were colleeted by 
plates by various standard 
These plotted 
the logarithmic seale of the abscissa against 
the 
graph paper and gave a 
of the 


material 


produced on all 


concentrations. were on 
the 
of 
straight 


of 


zone diameters in centimeters on ordinate 
semilogarithmic 

The 
formed unknown ap 
the find the per 
milliliter of oxytetracycline in the diluted sample, 
This number was multiplied by the dilution faetor 
to give the final reading of micrograms per milli 


liter of oxytetracyeline in the original sample. All 


line measurement diameter 
the 


plied to 


eurve, 


Zone by was 


seule to micrograms 


of the original samples which contained less than 
0 wg. per milliliter of the drug were assayed in 
without dilution, 

Samples of milk and blood collected from cows 
which were injected intravenously and intramuseu 
the 


blood sam 


assayed by 


The 


ples were allowed to clot and the serum was with 


larly with oxytetracyeline were 


same method as deseribed above. 


drawn for assay. All serum samples were assayed 
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Graph 1—Milk levels of oxytetracycline following 
intramammary infusion of one 400-mg. dose. 
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in duplicate on each of two plates using undiluted 


material, 


Resutts oF Assay 


All quarters had a detectable level of 
oxytetracycline for 24 hours or longer fol 
lowing one 400-mg. infusion (graph 1). 
Oxytetracycline was detected in the milk 
of nine treated quarters of periods of time 
ranging from 24 to 72 hours, the average 
being 37.3 hours. The first samples col- 
lected following treatment showed the 
highest levels and each succeeding sample 
showed a sharp decrease in concentration, 
There was much variation in the concen- 
trations found in different cows and in dif 
ferent quarters of the same cow. However, 
there was not much variation in the length 
of time that detectable levels were present 
in different quarters of the same cow or in 
different cows within the same milk pro- 
duction group. The quarter the 
with the daily milk production 
showed the highest levels of oxytetracy- 
cline at the various samplings and held a 
detectable level of the drug for the longest 
time. The quarters of cows which had the 


of cow 


lowest 


TIME OF ADMINISTRATION 
10-20 POUNDS DAILY MILK 
PRODUCTION 

20-40 POUNDS DAILY MILK 
PRODUCTION 


40-60 POUNDS DAILY MILK 
PROOUCTION 


eo 
° 


MICROGRAMS PER 


48 60 
Time 


72 84 96 
IN HOURS 


108 120 132 


Graph 2—Milk levels of oxytetracycline during and 
following intramammary infusion of three 400-mg. 
doses. 
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highest daily production showed the low- 
est levels of drug at the various samplings 
and retained a level of the drug for the 
shortest time. 

The highest concentrations of oxytetra- 
cycline were found 12 hours following each 
infusion (graph 2). The levels of oxytetra- 
cycline found in the samples collected 12 
hours following the first dose are compar- 
able with those collected at the same time 
following the single 400-mg. dose. Follow- 
ing the high level attained after each treat- 
ment, the level of oxytetracyeline dropped 
precipitously Here too, the highest levels 
were found in samples from the cow hav- 
ing the lowest daily milk production and 
the lowest levels of drug were found in 
samples from a cow in the group of high 
est daily milk production. In general, the 
detectable levels were found for the longest 
times in the cows with a low daily milk 
production and the shortest duration oc 
curred in with a high daily milk 
production 

There did not appear to be a consistent 
cumulative effect in the milk levels corre 
sponding to repeated Individual 
levels found following the later doses were 
not greater than the levels 
found following the preceding administra 
tion (graphs 2 and 3). Sometimes the in 
crease With each infusion was very evident, 
especially in’ quarters of low-producing 
animals, but in several instances the con- 
centration was nearly the 
lower in the sample collected 12 hours fol 
lowing the second or the third treatment, 
as compared to the 12-hour sample follow 
ing the first dose. 

All treated quarters showed a detectable 
level of oxytetracycline for 24 hours and 
most of them for at least 36 hours follow 
ing the last infusion. The longest time 
that oxytetracyeline could be detected in 
the milk of a treated quarter was 84 hours 
after the last treatment or a total of 132 
hours from the beginning of therapy. The 
shortest time that it could be found in the 
milk was 24 hours after the last treatment 
The average total time that the drug could 
be detected in the milk of all quarters was 
93.3 hours and the average time detectable 
levels were found following the last infu 
sion was 45.3 hours. 

The milk levels of oxytetracycline which 
were found in two quarters following three 
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same or even 
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Graph 3—Milk levels of oxytetracycline following 
intramammary infusion of three 800-mg. doses. 


successive 8O0-myg. infusions at 24-hour in 
tervals are shown (graph 3). The levels 
found were considerably greater than those 
found in the quarters treated with re 
peated 400-mg. doses. There was no obvi- 
ous tendency for a cumulative effect with 
the second and third doses. Following all 
three treatments there was a marked drop 
in the concentrations between the twelfth 
and twenty-fourth hour following the in 
However, the level at the twenty 
fourth hour following each SO00-mg. infu 
sion was consistently higher than that 
found at the same hour following each sue 
ceeding 400-me Detectable levels of 
oxytetracycline were found for an average 
of 54 hours following the last administra 
tion and for an average total of 102 hours 
following the initiation of therapy. There 
is some correlation between the volume of 
milk production, the height of drug con 
centration attained with the dosage, and 
the length of time it was maintained 

In table 2 are the results of the assay of 
blood and milk samples from 2 
lowing the intramuscular and intravenous 
administration of 1 Gm. of oxytetracy 
cline. Blood levels were measurable in 
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cows fol 
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TABLE 2-—Blood and Milk Levels Following Intravenous and Intramuscular Administration 
of 1 Gm. of Oxytetracycline 


production 


touts 


Intramuscular 


Intravenous 


both cows but neither animal showed 
detectable 


the milk 


any 


amount of oxytetraeyeline in 


Discussion of 


As might be expected, the highest con 
centrations of oxytetracyeline were found 
in the first milk samples collected follow 
Krom this 
levels progressively diminished at a rapid 


ing administration point, the 
rate until the drug could no longer be de 
tected. Following one 400-me 
quarters examined demonstrated oxytetra 
eyeline for at least 24 hours, with the ay 
erage time being 37.5 hours. Repeated 400 
resulted in) generally higher 
levels of the drug than the single dose, but 
did) not that there was a 
consistent cumulative effect Detectable 
levels found for an $5.5 
hours following the last dose and were seen 


iiftision, all 


doses 


the assay show 


were average of 
in some instances as long as 96 hours after 
Repeated doses of 800 mau. of 
oxytetracyeline resulted in milk levels 
which were higher than those following re 
peated 400-my. doses, but there 
consistent cumulative effect. Levels 
found for an average of 54 hours following 
the last this schedule 
sults, in general, are similar to those ob 
by Sehipper and 
though the present assay method does not 


the last dose 
Was ho 
were 
These re 


dose of 


Petersen? even 


appear to be as sensitive as theirs 


The this 
that intramammary tifusions of oxytetra 
eveline readily yield concentrations which 


results of investigation show 


are inhibitory to the common mastitis or 
with the 
In 


possible exceplion of 


Pseudomonas many in 
stances, as long as oxytetracyeline could be 
found, it Was present i which 
were inhibitory to the common 
organisms. The concentrations found im 
mediately following repeated 400-mg. doses 
were usualiy high enough to be lethal to 
the streptococci but perhaps not to the 
staphylococci! This may explain, in part, 
the relatively poor results obtained in the 


amounts 


Time post-treatment 


ag./mi 


treatment of Hiastitis in 
that 
treatments 
hibit but 
staphylococes 

by the elinieal 
whether bacteriological 


staphy lococete 


work The lowest levels seen between 
sufficient to in 


kill the 


borne out 


always 
sufficient to 


were 
seldom 
This possibly 

improvement of mastitis 
CHSES, recovery oe 
curred or not 


The levels of 
and the length of time that they could be 
detected in’ the appeared to be in 
versely with the volume muatk 
production of that quarter. Livariably it 
was found that the milk of the lowest 
ducer showed the highest levels 
ally for the time following 
This information could be in 
the field as a 
mastitis eases. Animals in high 
should be treated 
quently and with dosages higher than 400 


oxytetracyeline attaimed 


milk 


correlated 


pro 
and usu 
lonwest 
giide for the treatment ot 
production 
probably more fre 
mg. to assure adequate therapy, while non 
lactating animals, or late lacta 
tion, could be treated less frequently with 
a 400-me 


tion between milk production and the ley 


those in 


dose. This same inverse correla 
els of antibiotic has been shown by other 


investigators working with various anti 
‘ht that if a 


stant high level were desired in a quarter 


biotics appears con 
it would be necessary to repeat the dosage 
more often than every 24 hours. However 
it probably could not be expeeted that in 
creased frequency or amount of dosage 
would result in greatly prolonged levels of 
antibiotic. The expression of a cumulative 
effect appears to be an inerease th concen 
tration rather marked 


the length of time that the drug is present 


than a 

Rather extreme variations were found in 
the oxytetracyeline levels of different quar 
ters of the same cow given the same treat 
ment Petersen 


Schipper and pointed 


out similar variations following ointment 


infusions. No study was made to explain 
this variation, but possibly it would have 


been less if the assay samples hae been col 
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lected midway in the milking instead of 
using foremilk samples. However, there 
may also have been other factors involved, 

Results of the assay of milk samples col 
lected following intravenous and intramus 
eular injections of 1 Gm. of oxytetracy- 
cline that, if present, the levels 
were less than 1.25 pg. per milliliter with 
the method used. Schipper and Petersen '* 
used 2-Gim. doses of oxytetracycline intra 
museularly and intravenously and were 
able to show that detectable miik levels 
could be found following the intravenous 
but following the intramuscular 
administration 

It is significant that this work 
no transfer of detectable amounts 
un 


show ed 


dose not 
demon 
strated 
of oxytetracyecline 
treated quarters in the same cow with the 
method No what the 


from treated to 


assay used matter 


amount of infusion into the other quarters 
or the amount of daily 
each quarter appeared to be independent 


milk production, 


in this regard 


SUMMARY AND CONCLUSIONS 


1) Assay of milk samples following sin 
400-me infusions of 
oxytetracyeline showed that detectable ley 


Intramammars 


els were consistently present for 24 hours 


longer with time of 37.3 


hours 

2) Assay of milk samples following re 
intramammarys 
showed detectable least 24 
hours following the last infusion with an 
average time of 45.3 hours but did not in 
dicate that there was any consistent cumu 
lative effect as expressed in either concen 


or an averaye 


peated infusions 


levels for at 


trations attained or length of time present 

3) Oxytetracyeline levels found follow 
ing repeated SO0O-mg. intramammary infu 
sions generally paralleled those found with 
repeated 400-mg. doses but were consider 
ably greater in amount. No consistent 
cumulative effect as expressed in either 
concentration or length of time was found 
with this dosage schedule 

$4) Marked variations in the 
eycline concentrations were found in dif 
ferent the and in 


oxyvtetra 


quarters of COW 


Bovine Mastitts. Il 


different cows in the same production 
groups, but there was not much variation 
in the length of time that detectable levels 
were found in those same animals. 

5) Milk samples collected following 1 
(im. doses of oxytetracyeline intramuscu 
larly and intravenously showed no detect 
able amounts of drug with the method 
used 

6) No detectable amounts of oxytetra 
eyeline could be found with the 
method used in milk from untreated quar 
ters When the other quarters were treated 


“assay 
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Experimental Transmission of a Catarrhal Enteritis of 
Chicks Similar to Bluecomb Disease 


J. McN. SIEBURTH, Ph.D., and B. S. POMEROY, D.V.M., Ph.D. 


St. Paul, 
LITERATURE CITED 
1929 disorder of 


x disease, 


deseribed a 


Beaudette* in 
chickens, termed ‘* which was charae- 
terized by a catarrhal enteritis and cyanosis of the 
Transmission studies with unfiltered and 
materials failed to demonstrate an 
This report 
until 1940, 
pendent papers have 
the pathology, hematology, and clinical chemistry 
multitude of differ 


ent terms, the most common of which are pullet 


head, 
filtered 
agent. 


infec 
was not confirmed or 
Since then, many 


deseribing 


tious 
elaborated on inde 
been published 
of similar conditions under a 


disease, bluecomb disease, and avian monocytosis.” 

Most found that the 
sion of the disease is either impossible or very 
diffieult, Waller" and Watanabe’ 
“a virus etiology. In their experimental studies on 
KE 
induced 


workers have transmis 


have reported 


embryonating preparations of 
organs 


birds but 


transmission, 
depression and 


failed to 


either blood or 


monocytosis in some enuse 
death 

Field provide 
variable infected 
though attempts to transmit a eatarrhal enteritis 


of turkeys, similar to bluecomb disease, had failed 


only a seasonal and 


birds for study. Al 


outbreaks 


souree of 


in growing birds,” bluecomb disease has been read 
ily transmitted in day-old poults in which mortal 
ity can be used as an index of infeetion.’ 

The purpose of this paper is to describe 
the experimental transmission of a catar- 
rhal enteritis of young chickens in the day- 
old chick and to compare this disease with 
that of turkeys transmitted in the day-old 
poult 


Mevritops AND MATERIALS 


Hamp 
White 
pullo 


kaperimental Procedures.-Day-old New 
dominant-white, broiler 
obtained 
housed in 
antibiotic-free, 


cross, or 
from U. 8. 
wire-floored, 


shire, 
Leghorn chicks were 
hateheries and 


brooders. An 


rum-eclean 


electrically heated 
practieal- type ration containing 25 per eent pro 
From the School of Veterinary Medicine, University of 
Minnesota, St. Paul 
Dr. Sieburth's present 
Section Virginia Agricultural 
Blacksburg 
Article No 
Agricultural 


Pathology 
Station 


address ie: Animal 
Experiment 
3376 Scientific Journal Series, Minnesota 
Experiment Station 

This work was supported in part by grants from 
Lederle Laboratories, Chas. Pfizer and Co., Minnesota 
Turkey Growers Association, and the National Turkey 
Federation 

Polyotic was furnished by Lederle 
atrep by Merck and Co.; and biecillin by 


Laboratories; vet 
Wyeth and Co 


Minnesota 


was used. Feed and water were supplied ad 


Infected groups were maintained in sep 


tein 
libitum, 
arate cages in a different room to avoid infection 
of the uninoculated control group. 

Infected chicks killed third 
and fifth day to obtain infeetive intestinal mate 
rial, made of the intes 
tine for members of the genus Salmonella. Intes 
tines with typical eatarrhal enteritis and free of 


were between the 


Cuitures were liver and 


Salmonella were stored in rubber-stoppered tubes 
at 45 C, until time for The small intestines 


and cecums were minced finely 


use, 
with scissors, titu 
with saline to make 


rated with sand, and diluted 


a 10 per cent suspension. Four drops were admin 
istered orally as the inoculum to day-old chicks. 
of Infections Material. White Leghorn 


pullets approximately 8 


Soures 
cockerels and weeks of 
age, displaying depression, emaciation, eyanosis of 
the head, and diarrhea, from a 
range flock of a U.S.RLO.P Neeropsies 


revealed a eatarrhal enteritis 


were obtained 
breeder. 
without involvement 


of known intestinal pathogens. Since only intesti 


proved consistently infee 
turkeys, a 10 


administered 


nal preparations have 


tive in the disease of per cent 


intestinal was orally to 
3 White Leghorn pullets 6 weeks of age. Diarrhea 
the fifth day 
killed 
The 


inoculum for 


SUSpPension 


sign evident by post 
The 


showed a eatarrhal enteritis 


was the only 


inoculation, birds were and necropsy 


Intestines were 
used as a source of transmission in 
day-old chicks. 

Chicks infected at 1 day of age showed no overt 
signs other than slight depression, weight loss, and 
watery droppings. The organs exhibited no gross 
lesions. The entire tract from the giz 
gard to the ileoceeal valve was light in color and 
filled with watery material interspersed with bub 
distended with 


intestinal 


bles. The cecums were sometimes 


the light-colored, watery, foamy contents, 


EXPERIMENTAL RESULTS 


Mortality.—The mortality among chicks 
inoculated at 1 day of age in 15 serial 
transfers is shown in graph 1. On an aver 
age, mortality started about the third day, 
reached 50 per cent by the eighth day, with 
a leveling off between the tenth and four 
teenth day. The lowest mortality occur 
ring by the twelfth day in all 13 experi 
ments was 37 per cent, the highest was 95 
per cent, and the average was 67 per cent. 


I S. record of performance 


24) 
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The average mortality for the first seven 
experiments was slightly lower than for 
the last six experiments. 

The mortality of the disease among the 
day-old chicks appears to be lower than the 


8 


© EXTREME RANGE 


© AVERAGE 13 EXPTS 
(248 CHICKS) 

O AVERAGE EXPTS 1-7 
(113 CHICKS) 

averace exerts 
7-13 
(135 CHICKS) 


MORTALITY 


ACCUMULATIVE 


CENT 


6 9 12 
DAYS ON FXPFRIMENT 
1—The mortality among day-old chicks 
infective intestinal material of 
chicken origin. 


Graph 
inoculated with 


the day-old poults. Poults 
experimentally infected suffered 50 per 
cent mortality between the fourth and 
fifth day and 100 per cent by the seventh 
day postinoculation. 

Depression of Temperature and Growth 
Rate.—The effect of the disease on body 
weight, temperature, and mortality of day 
old chicks is shown in graph 2. The unin 
fected control birds reached their normal 
temperature of 106 to 107 F. by the sixth 
day and exhibited a steady rate of growth 
The temperature of the inoculated chicks 
was markedly depressed, having a low of 


disease among 


wo 


COWTROL (UNINOCULATED) 
TEMPERATURE 
WEIGHT 
T , 
MORTALITY 


INOCULATED 


—e- 
MORTALITY 
| 


TEMPERATURE 


CENT ACCUMULATIVE WwORTALITY 4 


‘ 
OW EXPERIMENT 

Graph 2—The effect of a catarrhal enteritis of 

chicks on body weight, temperature, and mortality. 


CATARRHAL ENTERITIS OF CHICKS 


102.2 F. on the sixth day, and did not ap 
proach normal until the twelfth day. The 
surviving infected chicks failed to gain 
weight until after the tenth day when mor 
tality had run its course 

Susceptibility of the Chick and Poult 
Both the chicken and turkey bluecomb in 
oculums caused similar intestinal lesions, 
cessation of growth, and temperature de 
pression in the homologous species. These 
inoculums were also tested in the heterol 
ogous (graph 3 Those from 
chickens caused an even greater mortality 
in poults than in chicks and both species 
had typical intestinal lesions. The turkey 
passed, chiecken-source material retained 
its infectivity for chicks. Although the 
turkey-source material was active against 
poults, it failed to cause either mortality 
or typical intestinal lesions in chicks. How 
ever, the chiek-passed turkey material still 
retained its infectivity for poults 

Susceptibility to Antibrties 
ies have been used widely in 
attempts to prevent and treat) blueeomb 
disease in both chickens and turkeys. To 
test the susceptibility of the chick-infective 
material to various the latter 
were added to the drinking water at a con 
centration of 250 popan. of the active ma 
terial, Four groups of 25-day-old) chicks 
received the same inoculum, one group was 
left as the untreated control, and 
yroup received each of the following 


species 


Ancibiot 
the field in 


antibiotics, 


one 


anti 


woRTaAUTY 


CHICKEN ORIGIN 


POULTS 


ative 


ac 


ces 


4 o 2 


° 


Days on 


Graph 3—The susceptibility of the chick and the 
poult to catarrhal enteritis of both chicken and 
turkey origin. 


biotics: dibenzylethvlenediamine dipenieil 
lin G (biecillin oral suspension®™), tetracy 
cline hydrochloride (polyotie®), and strep 
tomycin sulfate (vetstrep® Water was 
supplied in all-glass founts. The birds 
were weighed after mortality had ceased 
on the twelfth day (graph 4 The con 
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trols started dying by the third day, 50 
per cent mortality occurred between the 
fifth and sixth day, and a maximum mor 
tality of &7 per cent by the eighth day 
after inoculation. Mortality was below 40 


| ANTIBIOTIC 250 pom ORINKING WATER ] 
OBENZTYLETHYLENE 
OlAMINE 
OIPENICIL LIN G 


AVE 


(2 
45 (3) 


MORTALITY 


NUMBER 
oF CHICKS 


TETRACYCLINE 
HYOROCHLORIDE 


@ UNINFECTED 
CONTROL 

© UNTREATED in () 

CONTROL 


STREPTOMYCIN 
SULFATE 


(18) 


VUMUL ATIVE 


(18) 


acc 


PER 


oars On EXPERIMENT 
Graph 4— The effect of antibiotic-supplemented 
drinking water on the mortality and weight of in- 
fected chicks. 


treated Dibenzyl 


appeared 


per cent in the 
ethylenediamine dipenicitlin G 
to be the most effective agent, the birds re 
ceiving it suffering only per cent mor 
tality. The untreated chicks failed to gain 
weight, antibiotic 
gained the 


vroup 


while those 
weight although 
extent as the control chickens 


not to same 
Visecllancous Observations There ap 
peared to be no appreciable difference in 
the susceptibility of various breeds. Day 
Hampshire, dominant-white, 
brotle: and White Leghorn chicks 
suffered similar mortality. Both male and 
fermale chicks were susceptible to the 


old ‘Tew 


CTOSS, 


Ih an attempt to increase the mortality, 


certain lots) of 
until 1s postinoculation 
among these was delayed but 
the level as 
feed at 


from 
hours 


feed was withheld 
ehieks 
Mortality 
eventually 


those 


the 


reached 
among put on time of 
inoculation, 

Intestines from chicks having typical 
lesions were stored at $5 C. and were in 
fective for day-old chicks as long as 134 
days 


DISCUSSION 


Although bluecomb disease of chiekens 
has been reported in birds as young as 4 
weeks of age, only pullets have been used 


for experimental work. Mortality from 


Au.J. Vev. Kes 
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bluecomb disease in this age group during 
field outbreaks is usually low—from 5 to 
20 per cent. All pullets were not suscep- 
tible* to experimental infeetion and in- 
fection was not lethal.*':'* The eriteria of 
infection were clinical signs or histopatho 
logical and hematological changes. 

For continuing investigation, one should 
have a clinically apparent and reproduce) 
ble infection with convenient criteria of 
infection. The day-old chick of either sex, 
inoculated orally with intestinal 
material provides these criteria. A catar 
rhal enteritis is apparent within 36 hours, 
and the chicks become emaciated by the 
third day, when mortality The 
infection has been consistently passed 
through 15 serial with an aver 
ave mortality of 50 per cent by the eighth 
day and 67 per cent by the twelfth day 
Hymas" reported that 
naturally infected with 
developed subnormal 
weight 


infective 


starts 


transfers 


and 
growing turkeys, 


Peterson 
bluecomb disease, 


temperatures as well as loss in 
Dayv-old poults infected experimentally 
with turkey bluecomb disease also showed 
depression and 


Day-old chieks in 


a marked temperature 
failed to gain weight 
fected with material of chicken origin sim 
larly exhibited a characteristic depression 
of temperature and growth rate 

Another similarity of the catarrhal en 
teritis in chiekens and turkeys Is response 
to antibiotic treatment. Individual treat 
ment of naturally infected 
with antibioties has been reported lo stop 
death losses and to speed recovers in both 
chickeus and turkeys.’ Antibiotic supple 
mentation of the feed * and the water" also 
alters the course of the disease in poults 
naturally infected at 1 day of The 
chick disease deseribed here may also vield 
to antibioties. The untreated suf 
fered a high mortality and survivors failed 
to gain weight during the experimental 
period, With antibiotic-supplementation 
of the drinking water, started immediately 
after exposure and continued 12 days, the 
mortality was reduced by 50 to 85 per cent 
and the infected chicks gained weight. 

Bluecomb disease of chickens and that of 
turkeys have many characteristics in com 
mon, One might expect that if the etiolog 
ical agent was the same the diseases would 
be infectious for the heterologous species 
However, chicks were not infected by con 
tact with morbid poults in a turkey blue 


growing birds 


age 


yvroup 
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comb-infeeted brooder house? and highly 
infective poult intestinal material likewise 
failed to cause an apparent infection when 
administered orally to day-old) chicks in 
the laboratory. The converse, however, was 
not true. Tntestinal material from chicks 
Was even more infectious for poults than 
for chicks. This suggests that the etiology 
of the two diseases may not be identical 
Whether poults, recovered from either 
chicken- or turkey-source infection, are 
susceptible to the heterologous infeetion 
should be investigated. The true relation 
ship of so-called blnecomb in the two spe 
cies, however, will not be inderstood until 
the characteristics of the etiological agent 
have been ascertained 

Chick-infective material appeared to be 
less susceptible to deterioration under re 
frigeration than poult-infective material 
lnfective chick intestines stored in rubber 
stoppered tubes at maintained 
their infeetivity for at least 134 days 
Poult intestines infected with the turkey 
disease lost their infectivity under these 
conditions after 60° days 


SUMMARY 


1) A catarrhal enteritis of ehiekens re 


sembling bluecomb disease was readily 


transmitted through 15 serial passages in 
the day-old chick by the oral administra 
tion of suspensions of infected intestines 

Infected chicks developed a catarrhal 
enteritis as well as a characteristic depres 
sion of temperature and growth rate 
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4) Mortality ranged from 37 to 95 per 
cent with an average of 67 per cent during 
an experimental period of 12 days 

4) When the drinking water was sup 
plemented with certain antibiotic agents 
the mortality was reduced and infected 
chicks gained weight even though slightly 

Unlike turkey bluecomb disease 
Which appeared to be species specifie, the 
disease of chicken origin seemed to affect 


poults as easily as chieks. 
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Tocopherol Levels of the Early Milks of Semirange Cattle 


KARL F. SWINGLE, Ph.D.; JOHN W. SAFFORD, D.V.M.; 
DONALD E. McROBERTS, B.S. 


Bozeman, 


Waitt MuUscLE disease (also known as nu- 
tritional muscular dystrophy) has been 
observed almost every spring for 15 years 
among the calves of certain beef herds in 
the Sula Basin, a mountain valley in west- 
ern Montana. Other herds in the same val- 
ley, apparently operating under similar 
conditions, have never experienced losses 
from this malady. 

The cattle graze in the mountains from 
May until the latter part of October, when 
they are moved to meadows from which 
the hay has been harvested, remaining 
there until the next May. The only feed 
the cows receive during the winter is the 
hay that has been grown on the irrigated 
meadows, It is composed of timothy, brome 
grass, bluegrass, redtop, and carex, with a 
little alfalfa. It had been cut, sun cured, 
and stored in stacks until fed by scattering 
on the ground or snow, The cows are at no 
time confined to barns or sheds, and they 
have their calves in the open meadow in 
March, April, or early May. The water is 
supplied from mountain streams which 
flow through the meadows. 

White in 
ciated with a vitamin E deficiency on the basis of 
four of (1) The and 
severity of the disease have been reduced by feed 
to the prepar 
(9) The 


signs and lesions of the disease in calves resemble 


musele disease calves has been asso- 


types evidence : incidence 


ing alpha-tocopherol (vitamin 
turient cow or the ealf or both.’ 


those produced in laboratory and farm animals by 
vitamin E-deficient diets.” (3) Analysis of the ra 
tions of the cows in white musele areas has shown 
a lower level of vitamin EF than was found in the 
rations of cows in neighboring areas free of the 
disease.’ (4) The feeding, to young calves, of ex 
Laboratory 
Sanitary 
Agricul 


Veterinary Kesearch 
(Montana Experiment Station and Livestock 
Board Cooperating). Paper 364 journal series 
tural Experiment Station, Montana State College, 
man 
The 
ranchers 
W etzateon, 


From the Montana 


to the five Sula Basin 
Edgar Wetzsteon, Paul 
John MeClintic for their 


authors are indebted 
William Wetzsteon, 
George Vogt, and 
cooperation in this study, 
The volunteer assistance of 
lecting the milk samples from 
also gratefully acknowledged 
Our thanks go also to the late Macho of 
Hlamilton, Mont., who helped in the study, 
and who stood by for clinical and necropsy services when 
they 


Casebolt in col 
herd is 


David D 
the college dairy 


Dr. John 


organizing 


were required 


Montana 


perimental rations known to be deficient only in 


alpha-tocopherol has resulted in the development 
disease, 

the of vitamin E 
muscular dystrophy in 
a knowledge of the 


of typical white musele 
Additional 


deficiency 


evidence for role 


in producing 


calves would be derived from 
amount of this vitamin supplied to the ealves in 
the milk of their The vita 
min colostrum and milk of a number 

This 
human 


and dams. 
EB level in the 
of species of mammals has been determined 
for 
for goat mil 
of dairy 
to develop museular 
the milk 


3 cows known 


colostrum 


value has been reported 
milk," for ewe milk, 


for sow milk,” and 


previously 
for dairy cow 
the 
reported 
data 


However, calves cows 


have seldom been 


dystrophy, and the only on toco 


pherol levels of beef cows are from 
to have produced dystrophie calves.” 

Kor this reason, a study was designed to 
vive additional data on the colostrum and 
milk tocopherol levels of beef cows from 
herds where muscular dystrophy is com- 
mon and from similar herds where the dis 
found. The results of that ex 


periment are reported in this paper 


ease is not 


EXPERIMENTAL PRroceDURE 


The cows were seleeted at random from the vari 
collected 
for the 
samples were taken 
32 after calving 


scerew-eap 


ous herds, Colostrum samples were ou 
the of parturition and 
three days. Thereafter, milk 
on days 8, 12, 16, 20, 24, 28, 


The samples were poured into 


diay daily 
and 
bottles containing 2 drops of formalin. They were 
shipped to the laboratory promptly and 
the Milk 
analyses were made naecording to the methods de 
scribed by Quaife * the microhydrogenation 
technique of Quaife and Biehler.” In addition, 
many of the 1954 samples were analyzed for total 
fat by weighing the residue left after evaporating 
the solvent from the hexane extraet of the milk 
Ten in 1953 1954 


milked from herd 1, which contained 275 Hereford 


stored in 


refrigerator until analyzed. tocopherol! 


with 


Cows and 5 eows in were 


The losses from white muscle disease in the 
of this the 
none to 25 per cent. 

in 1953 
milked herd 2, 
ford cows, The 
in the calves of this herd in the past 15 years had 
to 30 with an average of 


calves herd for past ten years were 


from 
Ten 1954 
150 


musele 


Cows itt were 


Here 


cows and 


from which contained 


losses from white disease 
from 5 
IS per cent. 


Nine 


been per cent, 


cows 1953 and 10 eows in 1954 were 


in 


[ 28 
| 
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milked herd 3 


cows. 


Hereford 
ao per cent loss from 


The 


from which eontained 65 
Two years previously 
white muscle disease had been experienced, 
vear before that the loss was 15 per cent. 
Three in 1953 and 1954 were 
milked from herd 4 which contained Hereford 
No from in 


have 


cows none in 


white muscle disease 


losses 


calves been experienced on this ranch. 
1953 and 3 in 1954 were milked in 
contained 150) eows. from 


this 


One cow in 


herd 3 which Losses 


white muscle disease have not oecurred on 
ranch. 
For of 
the 
same 
the 
total tocopherol 
All the 


duiry cows, 


Purposes 
herd of 
on the 
and 


the 
were 


from 
College 

the 
samples were analyzed 


comparison, 5 
Montana State 
schedule 
milk 


cows 
dairy 
milked 


Sula 


“as cows from 
Basin, 
for 
milk samples, including those from the 
tuken separating the 
for a time and then draw 
ing up to 30 ml. of milk from each quarter befor 
returning the 
of the dairy 


regular milking 


were by CcOWs 


from their calves short 
cows to their calves or, in the case 


cows, before proceeding with the 


RESULTS AND DISCUSSION 


The results of the tocopherol and fat an 
alyses of the colostrum and milk samples 
from the five beef herds from the Sula 
Basin are given (tables 1 to 5). In table 
6 are recorded the tocopherol levels found 


Tocorubrot Levers or, 


MILKs 


in the colostrum and milk of the 5 dairy 
cows from the college herd. For the sam 
ples in which the fat was determined, the 
values of the tocopherol in terms of micro 


efter parturition 


Graph 1-——Average colostrum and milk tocopherel 
levels of four beef herds and one dairy herd, 1953. 


vrams per gram of fat were caleulated, and 
the results of these caleulations are given 


(table 7) 


The changes in average tocopherol level 
of each herd from parturition through 32 


TABLE 1—Tocopherol and Fat Analyses of Milks from Herd 1 


Cow number 


Daye 
after 
alving 


161 
120 


201 
194 
1051 
149 


Av. colos 
Av. milk 


* Tocopherol expressed micrograms per 100 mil. of 


6.40 


140 
160 


milk and ae percentages 


= 
4 
ae 
\ 
4 
{ 
val 
} 
| 
| 
‘ 
: 
herd 
To Fat To Fat To Fat Tow Fat Tor Fat To To lor. Toe, Tor ay 
10 155 240 15 240 465 140 360° BIS 
140 0 4105 100 6HO 140 55 «6222 
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12 25 mt 115 ou 210 145 123 
16 130 15 70 40 108 
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24 160 10 7h) 165 140 2 
135 145 105 165 165 ‘7h 
Av. milk 144 146 144 96 147 157 107 JAR 252 155 
1954 
1 1957 461 1.90 16 om §=6272 2.20 1777 
2 377 1.60 1.30 64" 2.50 411 400 
3 Ray 560 849 147) 2.60 69 407 
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254 412 boy 208 
12 745 155 245 iu 245 
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days of lactation are plotted (graph 1 and 
2). Only herds from which 3 or more cows 
were sampled are included 

None of the herds from which these sam 


after parturition 


Graph 2—Average colostrum and milk tocopherol 
levels of three beef herds, 1954. 


ples were taken produced any dystrophic 
valves in either 1953 or 1954, the years in 
which these studies were made. As a mat 


JANUARY 1956 


ter of fact, muscular dystrophy was almost 
nonexistent in that part of Montana for 
the first time in many years 

The colostrum from dairy cows has been 
reported by Parrish ¢f a/.°° to contain from 
77 to 3,820 py. of tocopherol per 100 mil., 
while Kieferle ef al.’° gave a range of 300 
to 400. When the colostrum tocopherol 
value is expressed as micrograms per gram 
of fat, Blaxter ef al.” gave a value of 753 to 
368 and Parrish ef al.’ a value of 57 to 
117. The values obtained from the analy- 
sis of the colostrum of the college dairy 
herd ranged for individual samples from 
10 to 1,100 py. per 100 mi., with an aver 
age value of 283. Individual samples from 
the 5 Hereford herds ranged from 0 to 
3.957 py. per 100 ml., or from 22 to 1,413 
py. per gram of fat. Individual cow aver 
ages for the four colostrum samples varied 
from 18 to 1537 pe 100 ml. of colos 
trum, or from 40 to py. per gram of 
fat. The colostrum tocopherol averages for 
the five herds sampled in 1953 were: 205, 
59, 446, 390, and 34 py. per 100 mL, respee 
tively. In 1954 they were: 696, 289, 282, 
(herd 4 not sampled), and 319 pe. per 100 
ml. The values expressed as micrograms 


per 
737 


TABLE 2—-Tocopherol and Fat Analyses of Milks from Herd 2 


Cow number 


Daye 
after 
calving 


4d 


Avy. colos 
Av. milk 


Av. colors 
Av. milk 


* Tocopherol expressed as micrograms per 100 mi 


Tor 
herd 


ay 


of milk and fat as percentages. ** These samples 


were received at one time. The dates of their collection are unknown. This cow's calf was suspected of 


having white muscle disease 
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of tocopherol per gram of fat, in 1954, 
were: 156, 81, 126, (herd 4 not sampled), 
and 409. 

The literature values? 15°20, 22, 24-27, 


for dairy cow milk tocopherol range 
from 20 to 150 yg. per ml., or from 9.6 to 


TABLE 4—Tocopherol* Analyses of Milks from 
Herd 4 

Daye 

after 

calving 2 d av 


1953 

120 1120 608 

60 1360 : 525 

$ 60 255 154 

‘ 40 160 100 

4 160 324 

$2 204 110 157 

Av. colos 70 774 f 
Av. milk 246 235 240 


Cow number 


Tocopherol expressed as micrograms per 100 mi. of 


4 pg. per gram of fat. Our dairy milk 
samples ranged from 24 to 150 pg. per 100 
ml. Our Hereford milk samples, however, 
ranged in tocopherol from 0 to 1,804 pg. 
per 100 ml., or from 7 to 895 py. per gram 
of fat. Individual cow averages varied 
from 16 to 501 py. per 100 mL, or from 45 


SAFFORD 


Am. J. Ver. Ries 
Me RoBERTS JANUARY 1956 


to 275 py. per gram of fat. Herd milk to- 
copherol averages in 1953 were: 155, 40, 
107, 240, and 17 pg. per 100 ml. In 1954 
they were: 275, (herd 2 not sampled), 140, 
(herd 4 not sampled), and 40 pg. per 100 
ml. Milk fat was determined only on herds 
3 and 5 in 1954, with milk fat tocopherol 
levels of 130 and 48 py. per gram of fat 
recorded. 

It is thus evident that though the aver- 
age values for the colostrum and milk toco- 


TABLE 6—Tocopherol* Analyses of Milks from 
the Dairy Herd of the Montana State College 


Days 
after Herd 
calving 295 7 av 


1953 
210 35 240 
105 225 351 
780 f 412 
105 130 
150 97 
60 75 3° 63 
140 80 : 70 
50 40 395 65 
40 55 71 
60 100 90 
f 125 90 99 
Av. colos 24 300 612 5 283 
Av. milk 7 79 


Cow number 


* Tocopherol expressed as 100 mil. of 


milk 


micrograms per 


TABLE 5—Tocopherol and Fat Analyses of Milks from Herd 5 


Cow number 


Days 
after 


alving 


17 

40 

46 

106 

28 

42 

color 242 
milk 45 


* Tocopherol expressed as micrograms per 


100 mil 


244 
$45 
641 
40 
31 
42 
37 
37 
315 


35 


of milk and fat as percentages 


** The cows sampled in 1954 are not the same individuals as those sampled in 195% 


| 1 2 Toc 
herd 
lo Fat Tor Fat To Fat av 
1953 
a au 
‘ 
16 20 
zu 
a4 
25 > 
\v. colos ‘4 
Av. milk 17 
1954 
“4 0.55 574 0.50 2.50 
2 4.17 $25 0.25 2.13 $51 
4 502 1.07 650 1.87 0.67 591 
4 40 0.71 77 1.53 0.90 52 
O.87 ‘1 0.67 1.353 26 
1.55 4 1.10 1.20 41 
1.17 40 0.70 0.67 
0.73 56 0.67 0.70 45 
1.17 1.43 0.53 65 
37 a4 
35 
Ay 402 S19 
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Tocorpuerot. Levens or Earty MILKs 33 


100 


Herd 1 


cow No 


44) 


161 


No 


1148 
1413 
46 
44 


116 


170 


TABLE 7—Milk Fat Tocopherol* Levels 


46 


Days 
after 
alving 


pherol levels from Hereford cows are sim 
ilar to those reported for dairy cows, there 
are individual animals which deviate 
widely from these averages, 

The manner in which the samples were 
collected was far from ideal. Since these 
are range cows which had never been 
closely confined, they were vers wild, In 
order to obtain milk samples, they were 
driven into chutes and squeezes, where a 
few milliliters of milk were drawn from 
the frightened and struggling cows. It is 
possible that this procedure accounts for 
the enormous range of both fat and toco 
pherol encountered individual samples 
It is well known that the foremilk of dairy 
cows differs considerably composition 
from the remainder of the milk and the 
strippings. That such differences include 
tocopherol concentrations was shown by 
Kieferle ef al..’° who noted that the toco 
pherol level rose from 28 to 140 pe. per 100 
mi., and the fat from 0.9 to 104 per cent 
during the course of a single milking 

The original plan called for the sampling 
of 10 cows from each herd, but in) some 
cases it Was not possible to milk that many 
animals. [In spite of the possibility of sam 
pling errors because of the small size ot 
the samples, the data are presented here, 
with a full knowledge that some of the 
samples may not be representative of the 
herds from which they were taken 

In spite of the probable sampling errors, 
there may be significance in the great indi 
vidual variations among cows in the same 
herd. Such variations indicate a need for 
additional fundamental research on the 
metabolism of tocopherols by lactating 
cows, particularly the factors which deter 
mine the movement of the tocopherols into 
the colostrum and milk 

The original purpose of this study, the 
correlation of colostrum and milk tocophe 
rol levels of the cows with the oecurrenes 
of muscular dystrophy in the calves, was 
defeated by the failure of any calves to be 
come dystrophic. However, it is evident 
that herd 2, which had experienced the 
vreatest white muscle losses in previous 
Vears, had a much lower level of tocopherol 
in both colostrum and milk than had the 
other herds 

Another factor which must be consid 
ered in determining the tocopherol intake 
of the calves is the total volume of colos 
trum and milk ingested by them. We have 
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not attempted to make this measurement 
because of the practical difficulties in- 
volved in weighing the calves before and 
after each time they nurse. Though the 
dairy cow can store enough milk in her 
udder to raise a calf on four or five nurs- 
ings a day, the beef calf must nurse more 
frequently to obtain its full milk ration, 
because of the limited storage volume in 
the udder of the beef breeds. 


SUMMARY 


1) Colostrum samples taken on the first, 
second, third, and fourth, and milk sam- 
ples taken on the eighth, twelfth, sixteenth, 
twentieth, twenty-fourth, twenty-eighth, 
and thirty-second days after parturition 
from 52 semirange Hereford cows in five 
herds were analyzed for their tocopherol 
content, Corresponding samples from 5 
dairy cows were similarly analyzed. 

2) Averages of the tocopherol levels of 
the four colostrum samples from each beef 
cow varied from 18 to 1,537 pe. per 100 
ml., or from 40 to 737 pg. per gram of fat. 

3) Averages of the tocopherol levels of 
the seven milk samples from each beef cow 
varied from 16 to 501 pg. per 100 ml., or 


from 45 to 275 py. per gram of fat. 


4) Herd 2, with the lowest colostrum 
and milk tocopherol levels, was the herd 
which in previous years had suffered the 
vreatest losses from white 
(nutritional muscular dystrophy), though 
no cases of this disease were observed dur- 
ing the two years of this study, 1953 and 
1954. 

5) Colostrum and milk tocopherol levels 
from the 5 dairy cows were about the same 
as those of the beef cows, except for beef 
herd 2 which had much lower levels. 

6) Definite evidence for the role of toco 
pherol deficiency in the etiology of natu- 
rally occurring white muscle disease could 
not be drawn from this study. 


muscle disease 
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Studies on Vaccination and Revaccination for 
Bovine Brucellosis 


FRANCISCO SIEIRO, D.V.M. 


Buenos Aires, Argentina 


IN THE prevention of most livestock infec- 
tious diseases, it is generally understood 
that vaccinal antigens must be applied as 
nearly as possible to the time when infee- 
tion most probably begins. In the case of 
seasonal is often necessary to 
effect vaccination a few weeks before the 
outbreak can make its appearance. Such is 
the case in equine encephalomyelitis, an- 
thrax, and other diseases against which 
vaccines generating a solid immunity ean 
be used, 

Prevention of bovine brucellosis has not 
been placed in this category. Despite its 
rather mild antigenic properties Brucella 
abortus strain 19 vaecine is applied early 
in life of the calves to prevent an infection 
which may occur eighteen to twenty 
months later. Vaecination closer to the 
critical time of receptivity is not advised, 
since postvaccinal agglutinins increase 
with sexual maturity. 

Because of these limitations, various re- 
searchers have been looking for an im- 
proved method of immunization. Revacci- 
nation and adult vaccination have been 
assayed, the latter having been widely used 
in certain heavily infeeted areas. However, 
adult vaccination has been discouraged be- 
cause of agglutinin interference in subse 
quent attempts of eradication. 

As early as 1941, Haring and Traum 
pated the possibility and convenience of revacei 


diseases, it 


antici 


nation as a means to enhanee the immunity in 
duced by ealf vaccination, which they had already 
found deereasing by the second and third 
pregnaney, 

Traum” reported good results in California re 
vaccinating after ealvin No data were 
though little the agglutinin 


after the was 


cows 
recorded inerense 


response second vaecination 


suggested 
In England, adult vaeeination and revaecination 
used Lawson * reported on 


have been extensively 


a field experiment groups of animals vacei 
and again 
and cows, 

better 


vaceination 


with 
us calves; as calves as heifers; 
heifers, 
little or no 


single 


nated 
Revaeccinated 
results than 
Revaceination 


calves, 


y jelded 


and as 
animals 


those with the 
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was done before or after parturition, the latter 


procedure seeming be a common practice in 
that country. 

Beach * 
sults on the revaecination of a large herd in which 
the test and slaughter, and ealf 
failed 
tion was performed within a month after calving, 
and the found that 


induced bys vaccination 


eported good re 


Berman, Jones, and 


vaccination pro 


gram, to eradicate the disease. Revaeeina 


the agglutinin titers 


showed 


authors 
the seeond a rapid 
decline. 

were concerned as to 


Berman, Jones, and Irwin 
whether the good results previously reported were 


attributable to revaccination or to the sanitary 


measures employed. In a new experiment, they 
vaccinated a group of calves & months old, revae 
and others 
these animals, and a group of 
third 


better results in 


cinating some at the age of 14 months 
at 20 months. All 


coutrols, were exposed during the gestation 


period. There were no noticeably 


revaccinated animals, whereas they showed a 


greater tendeney to maintain suspicious or posi 


tive agglutination 
Calf 
ing of reactors has helped to eradieate or, at least, 


titers 
vaccination with segregation or slaughter 
to minimize bovine brucellosis. However, sanitary 
measures are seldom applied United 
States, In the majority of the countries which are 
at present using Brucella 
prophylaxis is rather 
vaccination, of healthy or even 


save in the 


strain 19 vae 
ealf and 
infected ani 


abortus 
cine, confusing ; 
adult 
mals, indiscriminately practiced 


often being 


Henee our desire to find a method 
the cattle 
vaccination, 

In this 


ment on calf vaceination and revaecination is pre 


vhieh will give 


breeder maximum benetits from 


paper, & comparative immunity expert 


sented. In an attempt to shorten the time between 


immunization and exposure, one group of calves 


was vaccinated at the age of 10 months; a second 


group Was vaccinated at 18S months; a third group 
1) months and 


that the 


of calves was vaecinated at revue 
cinated at 1s 


inoculation 


second of 
before the 


months so 


‘booster would be giver 
moment of greatest danger of contagion, that is, 


before the first imumais and a 


thet sub 


pregnancy, All the 


group of unvaccinated controls 


jected to exposure by conjunetival infeetion hen 


approximately five to seven months pregnant 


MATERIALS AND METHODS 


This test was done in the farm of 


our Laboratory and the 


experimental 


pathological, baecteriologi 


eal, and serological investigations were performed 
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TABLE i—Response of Vaccinated, Revaccinated, and Unvaccinated Pregnant Animals to 
Virulent Conjunctival Exposure 


GROUP A'-ECARLY VACCINATED ANIMALS 


ne 1952 1953 1954 date BACT.INVEST. 

6 [213 [7 [8 [9 [tole [2/3] 4/5 at fetus [piace Fotost [Ciassit 

NEGAT 
WECAT JMMUNE 
NEGAT UNE 
POSIT | POSIT INFECT) 
48 WNEGAT posit INFECT 
POS! T [INFECT] 


1952 1953 1954 Pregn.| Date GACT.INVEST. 
5 VA R € 444%, NB NEGAT |MMUNE 
908 R im NB |NEGAT 
GROUP C'-LATE VACCINATED AWIMALS 
1952 1953 1954 con. Date Post BACT.INVEST. 
8 [9 1211] 2] 3] 41516] 7] 19 11213141516 ict [fetus [pacen kotost [Claset 
094 v E NG NEGA T 
| 37 aS v NEGAT UME 
1187 E|:::Jom - —|— 
979 POs! T IAB 
$93 | | |v A: |: NEGATIMMU'E 


GROUP O'-UNVACCINATED CONTROLS 


1954 BACT.INVEST. 
415 W211 | 2/314 xpos.|NB-AB fetus wcenbotost Ciacsif 
033 NB |NEGAT 
060 |. Jom 104% NB POs 
073 fom NB NEGAT 
691 m 184% NB NEGAT 
746 Bm 164/048 POSIT NEGATIONFEL T 
977 POSIT [POSIT | POSIT 
posit, Aggist. Titre 1/100 or Higher Pasit. Aggiut Titce 1/25 
ZZZ= 1/0 CJ). Negative Agglutination 
\ nated. O-—breeding time h—1.5x% 10° conjunctival exposure NK-—normal birth abortion 
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FRANCISCO SLEIRO 


in the Biological Division of the same. Forty-five 
grade Shorthorn or Argentine Holstein- Friesian 
calves, % to ¥ months of age, were 
August, 1952, and tested for Brucella agglutinins, 
When all proved negative, they were divided into 
three groups which treated as 
follows, 


selected in 


separate were 


Group *' Karly Vaceinated,-Fifteen calves, 
10 months old, vaccinated 
ously on Sept. 7, 1952, with 5 ee. of a 
prepared with strain 19, containing 10 
viable organisms per cubie centimeter. 
Group ‘*B,’’ Twice Fifteen calves 
were vaccinated subcutaneously on Sept. 7, 1952, 


were once subcutane 
vaecine 


billion 
Vaccinated, 


with the same vaecine and dose as those of group 
*fA.’’ On May 11, 1953, when 18 old, 
they were revaecinated in a similar way, using a 
freshly prepared strain 19 
concentration, 


months 


vaccine of the same 
Fifteen calves 
May ll, 


when ap 


Late Vaecinated, 
were vaecinated onee subcutaneously on 
1953, 
proximately 18 months old, 

Group **D."’ -Another 15 
the blood test, introduced to the 
April, 1953, 

Until vaecinations 
groups A, B, and © separate lot 
and the unvaceinated kept 
After exposure, all the animals were gathered in 


Group **C,"" 


with 5 ee. of the same vaccine, 
negative to 
farm in 
controls 


calves, 
were 
unvaecinated 

fully 
were kept in 
controls 


remaining 
were necomplished, 


were alone. 
a single unit. 

Breeding by natural serviee started early in Ly 
cember, 1955, bulls blood 
test were placed with each group of heifers. Un 
fortunately the experiment suffered a considerable 


when negative to the 


reduction at this time as several heifers had been 


inndvertently bred by a bull not included in the 
After the pregnant animals had been segre 


group wis 


trial 
number each 
Group ‘'A, 7 animals; Group ‘'B,"’ 
4; Group and 11. On 
June 27, 1954, the vaecinated and control anima! 


gated, the remaining in 


us follows: she 
Group 
received a conjunetival exposure of 1,500,000) 


Br veclla 
ranged 


ginisms of the virulent abortus strain 


2308. Their pregnancies from four and 
one half to seven montis. 

Throughout the 
were performed at 
Wright's tube method. 
cows tested 
their postpartum agglutinin status, 


After each parturition or abortion, appropriate 


blood 
monthly intervals by the 

After delivery, each of the 
establish 


whole experiment, tests 


again was three times to 


cultures of various organs of fetuses and placental 
materials Cultures of vaginal 
were also tried, but this proeedure was discarded 


were made swabs 
because of frequent contamination and relatively 
poor pigs with 
samples of colostrum of each cow and were killed 
Cultures of various o1 


results, Guinea were inoeulated 
six to eight weeks later, 


guns were made, 


EXPERIMENTAL ResuLts 


The details and the experimental results 
of this work are shown in table 1. 
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Cows of group ‘‘A’’ were exposed 
when pregnant five and one half to seven 
months (mean pregnancy stage 156 days). 
Four cows gave normal births without re- 
covery of the infective organism, nor a 
rise in postpartum agglutination titers. 
Three cows aborted and were proved i- 
fected in subsequent bacteriological tests 

In group ‘'B’’ the pregnancy state at 
the time of exposure ranged from five 
months and twenty days to seven months 
and fourteen days (mean pregnancy 195 
days). The 4 animals calved normals 
without recovery of the organism but cow 
783, which had maintained a low titer 
(1:25), increased this figure in the post- 
partum test, thus revealing infection 

The animals of group ‘‘C"” were exposed 
when pregnant five months and eight days 
to six mouths and seven days (mean preg 
nancy 174 days). All of the 11 animals 
had normal births but 2 cows (016 and 
979) revealed Brucella infection the 
colostrum. The other 9 proved negative 
though 4 of them showed low postpartim 
agvlutination titers. 

Unvaccinated 
were exposed at four 
months and fifteen days to seven months 
and ten days (mean pregnancy 186 days 
Three of the 11 births 
proved negative in the bacteriological and 
serological investigations. Four others 
ealved normally but eliminated the organ 
ism through the colostrum and had post 
partum agglutination higher than 
1:100. The other 4 cows aborted, showing 
infection aad high agglutination values 


controls (group 


pregnancies of 


gave normal and 


titers 


SslON 


Following the methods of analysis used 
in a previous paper ® the cows which, after 
exposure, calved normally and did not ac 
quire infection traceable by bacteriological 
or serological methods were considered im 
mune. Cows which aborted were 
ered infected as long as the virulent or 
ganism could be recovered, or when a rise 
in agglutination titer was demonstrated 
Cows which gave birth to living calves, but 
which proved infected by bacteriological 
finding or showed a rise in postpartum ag 
glutination titers to 1:100 or more, were 
considered 

According to this criterion, the experi- 
mental results were more favorable to the 
revaccineted animals and to vacel 
nated at 18 months, than to vacel- 


consid 


those 


those 
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TABLE 2—Comparative Reactions of Early Vaccinated, Revaccinated, and Late Vaccinated 
Pregnant Animals to Conjunctival Exposure of 1.5 = 10° Virulent Organisms 


INFECTED 


GROUP Ne ne as IMMUNE 
abortion cesistant 


EARLY VACCINATED 4= 37,1 % 428 % 


TWICE VACCINATED 75% 


c' LATE VACCINATED 9= 818 % 


UNVACCINATED CONTR. | 11 27,2% 


NB—normal birth AB abortion 


nated at the age of 10 months. Both 10 months of age, a second group at 10 

vaccinated and revaccinated animals gave months and again before breeding when 18 

better results than unvaecinated controls + months of age; and a third group was vae 

(table 2). cinated once at 18 months. Unvaeccinated 
Data of this experiment, as far as revac- controls were added to the test. After ex 

cination is concerned, seem not to be in posure, all vaccinated animals showed less 

agreement with those obtained by other infection than unvaccinated controls, but 

workers. Undoubtedly, the number of re- the results were more favorable in the re 

vaccinated animals in this test was too vaccinated and the late vaecinated groups, 

small for definite conclusions to be drawn than in those vaccinated at the age of 10 

However, we believe that this subject is | months 

worthy of further experimentation since if The results for late vaecination con 

apparently represents a method of rein firmed what has been observed by the 

forcing artificial immunity without too author in field vaccinations 

much interference with the prophylaxis, 

since agglutinins induced by the second References 
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Cultivation of the Foot-and-Mouth Disease Virus in 
Explanted Epithelium of the Bovine Tongue 
1X. Growth Characteristics of the Virus 
in Large Scale Tissue Cultures 


H. S. FRENKEL and WILLIAM E. RIBELIN, D.V.M. 


Amsterdam, Netherlands 


THe seale cultivation of foot-and 
mouth disease virus in tissue cultures con 
sisting of bovine tongue epithelium has 
been deseribed in previous publications.’ 

To date, preparation of vaccines from vi 
rus thus cultivated has been performed 
using culture material harvested at that 
period of incubation which limited tests 
had indicated as representing the highest 
infective titer within the culture. This has 
been at 20 hours of ineubation. Little is 
known regarding the actual growth activi 
ties of the virus in tissue culture as well 
as the various environmental factors which 
may affect this growth. Information re 
garding virus multiplication in these cul 
tures is necessary if the optimum value of 
such culture methods is to be achieved, 
Additionally, information regarding virus 
growth in tissue culture very likely will 
lead to a more complete understanding of 
the activities of the virus in the normally 
infected host animal. The experiments re 
ported in this paper were designed to re 
veal the optimum time of culture harvest 
for maximum vaecine production, some of 
the factors affecting virus multiplication 
in large scale cultures and, lastly, to reveal 
as much information as possible regarding 
growth characteristics of the virus in such 
cultures. Application of the results re 
ported herein to the virus growth processes 
in the host animal must be made with care 
The experiments were designed primarily 
for application to vaccine production and, 
thus, are in many respects far from opti- 
mal conditions for precise studies on virus 
normal host relationships. The converse is 
also true, as will be shown, in that the re 
sults of virus studies on tissues maintained 


in small, accurately controlled, flask or 


Veterinary Virus 
Netherlands. Dy 
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dam, 


ermmary niversity of 


roller tube cultures may not always be ap- 
plied unqualifiedly to large seale culture 
methods which are to be used for vaccine 
production. 


MATERIALS AND Meritops 


The results reported herein represent 17 experi 
The method of study for 


however, 


ments, several experi 
ments will be deseribed; final results 


will represent a combination of all experiments. 


The procedures were as follows: The experiments 


were designed to study only a limited portion of 
the growth eyele at one time, generally & to 12 
hours. This was necessitated by the great number 
of cattle 
the limited number 


For the preliminary experiments, 


necessary for infectivity titrations and 


of quarters available for am 
mils. a series of 
flask cultures was prepared, each having the fol 
lowing composition: 

Bovine tongue epithelium 15 Gm. 
Baker's tissue culture medium, 

150 mi. 

15 ml. 

10,000 units 


50 mg. 


modified 
Type O, Holland strain, virus 
Penicillin 
Dihydrostreptomyein sulphate 
Jena flasks 


allowed continuous 


The cultures were prepared in 750-ml 
stoppered in a manner whieh 
a mixture consisting of 95 per 
cent oxygen and 5 per eent carbon dioxide. The 
cultures were ineubated at 37C. At intervals of 
one-half to two hours over a period of eight to 12 
hours, two flasks were removed and their contents 
The pH of the culture fluid was de 
Beckman pH Stained 


were examined for 


slow aeration with 


pooled, 
with a meter 


fluid 


termined 
smears of the bacterial 
contaminants, 

The pooled cultures were ground by hand in a 


sterile mortar using quartz as an abrasive. The 


finely ground was centrifuged for 15 
minutes at 4,500 r._p.m. in a bucket- type eentrifuge 
and the resulting supernatant was passed through 
Seitz FE. K. filters at 0.3 kg. per square centimeter 
of pressure. The filters were moistened with tis 
sue culture mediums prior to use. The resulting 
throughout the dura 


Suspension 


filtrates were stored at 5€ 
tion of the experiment, The 
titrated by the 
a single suseeptible imported Trish ox 
Two tenfold di 


following day each 


sample was intradermal lingual 


method in 
using the method of Henderson 


lutions in phosphate buffer, pH 7.6, were used per 
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dilu 


would 


ox, thus allowing ten observation sites 


fall both above and below the anticipated 50 pe 


per 


tion. dilutions used were those which 
cent infectivity point. These were generally in the 
neighborhood of 10° and 10°, 
The plotted on 
paper and the 50 per cent end point ealeulated by 


interpolation with 


results were semilogarithmic 


Coneurrent these titrations, 
portions of each sample were titrated for comple 
ment-fixing antigen’ using specifie guinea pig hy 


perimmune type O (Holland strain) serum, sheep 
red blood cells and rabbit serum amboeeptor, and 
pig 
electrometer, the complement 


guinea Fisher photo 


titrated in the 


complement. Using a 
wis 
presence of constant amounts of antigen and nor 
tlome 


mal inactivated guinea pig serum, as well as 


in order to determine the quantity of complement 


necessary to produce 50 per cent 


given red cell The 
serum antigen 

then 

required in the presence of antigen 


hemolysis of a 


quantity necessary 
taken as the 


into the 


in the absence of 


wits 


This quantity divided 


wis 
quantity and 
antiserum, and the results were expressed as the 
The re 


titrations for each 


units of complement fixed by the antigen 


sults of these two types of 


sample were plotted graphieally and comparisons 
made, 

Following these initial experiments, the work 
was repeated using large-seale cultures of the ty] 
utilized for vaccine production Each culture wa 
of the following composition 

Epithelium of 40 ox tongues 

medium, modified 14 liters 

Type O virus, Holland, 

tissue culture origin 1 liter 
Penicillin 1,000,000 units 


Dihydrostreptomyein sulphate 0.5 Gm 


Chloromyeetin 1.5 Gm 


The culture components were placed in 60 
liter stainless steel culture tank and ineubated at 
37 C. with aeration as previously deseribed. For 


large seale studies, only one sueh culture was pre 


pared for each experiment. At the appropriate 
intervals of time, the tip of a 100ml. graduated 
pipette was introduced through a small corked 
orifice in the lid of the tank, two withdrawals 


medium 
large 
immediately 
and the 


(tissue 


totalling 200 ml. of the tissue 


were made, and ineubation of the eultur 


was The sample was con 


for 15 


resumed, 


trifuged at 3,000 minutes 


supernatant (medium sedimented 


components were separated One hundred milli 
liters of the supernatant was combined with 10 
Gm, of the sediment, thus giving the same pro 
portion as encountered in normal large-seale eul 
tures when harvested for vaceine production, The 
mixtures were then ground, filtered, and titrated 
as deseribed for the small flask cultures. How 
ever, 2 oxen were used for each sample in infec 


tivity titrations, thus allowing 20 observation sites 
these 
infeetivits 


per dilution. Frequently titrations were 


supplemented with titrations im oun 


Disease. LX 41 


weaned white mice, a method whieh was developed 


as these experiments were reaching their climax 
It has been shown to correlate quite closely with 
ox titrations and its earlier availability would 
have permitted more extensive sampling 

In addition to these titrations, the scumigele + from 
cultures incubated for longer than 20 hour ore 


used for the preparation of vaccines in the fol 


lowing manner In a number of vaecine bottles 
were placed 75 ml. of aluminum hydroxide and 1.5 
ml, of glyeocol (pH 9 The mixtures were auto 
claved and allowed to eool, To each was added 
75 mi. of the culture samples described the pure 
ceding paragraph. These were incubated for 1 
hour at 25 C,. during which time they were fre 
quently shaken, To each was added ©.75 ml. of 


were ineubated an 


and all 
“4 hours, again with frequent 


10 per eent formalin 


additional igitation 


The vaecines were stored at SC. until used, at 
whieh time they were inoculated subcutaneously 
in doses of 1, 2.5, and 4 ml, into 15 guinea pigs 
per dose or 45 guinea pigs per culture sample 
Four additional guinen pigs were inoculated inte 
the rear foot pads to insure the absence of any 
infectious virus. Twenty-one days later each ani 
mal was challenged by inoculation into the right 
rear pad with 100) guinea pig infeetious doses 
id of guinea pig-adapted type © virus orig 
inally derived from tissue culture Four addi 
tional guinen pigs were vaccinated with 4 ml, of 
regular tissue eulture vaecine and challenged later 
in order to verify specificity of the challenge wi 


rus All pigs observed for 


agninst generalization of the 


were protection 


virus and only thome 


which displayed a large primary vesicle at the site 


of challenge were included in the vaeeinal ealeula 
tions, The numbers of animals protected with 
each dose were determined and the 50) per eent 


protective dose was caleulated by plotting the per 
centage of animals protected as a linent 
of the The 
represent an indication of the 


regression 


vaccine dosage protective doses thus 


inverse mount of 


immunizing antigen present eaeh period of 


harvest 


ResuLTS AND Discussion 


The results of a typical experiment (No 
14) are given (table 1 Although the in 
fectivity level drops after the 20-hour 
peak, the amount of immunizing antigen 
and the amount of complement-fixing anti 
ven both continue to inerease, tn 
other experiments, a decrease in infeetiv 
ity and an protective antigen 
were substantiated; in one of these, how 
ever, the complement-fixing antigen drop 
ped steadily following the 20-hour peak 
and, in the other, the complement-fixing 
titer remained at the 20-hour level 
throughout the continuation of the incuba 
tion. This emphasizes the variability of 


two 


inerease in 


| 
g 
f 
if 
; 
Si 
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the complement-fixing antigen as an index 
of protective power. 

In experiments involving the 
hours of incubation, the following charac- 
teristics were observed. The titer of the 
cultures dropped rather rapidly following 
initial preparation, reaching a low within 
a half hour. The first increase in infeetiv- 
ity was detected between the second and 


earlier 


TABLE 1—Reeults of Titration of Tissue Cultured 

Foot-and-Mouth Disease Virus for Complement 

Fixation (A), Immunogenicity (B), and Suckling 
Mouse Lethality (C) 


\) COMPLEMENT TITRATIONS 


Amount (mil.) 
Culture 5) complement 


Complement 
incubation for 
(hr hemolysis 


16 
2 0 


, 
- 
th 0 
OF 
0.672 


‘ 

‘ 


VACOCINAL TITRATIONS (GUIN 


Culture No 
incuba Va 


anim 
inal protected 
thon lowe No. anim 


(lr ml 


69.2 
66 
46.6 
100.0 


TITRATIONS (UNWEANED Mice) 


ulture Dilution Caleulated 
lethal 


doses 


cubation of No. deaths 


(he inoculum No. inoculated 


13/12 
* 1/15 


4.000 


10 13/14 
6/15 
Ww 
14/15 


5.000 


ooo 


ooo 
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fourth hours, this generally represented 
only a threefold or fourfold increase. Fol- 
lowing this, the titer dropped somewhat to 
rise again about the sixth to eighth hour. 
Generally one or two further increases oc- 
curred until the peak was reached. The 
actual peak of infectivity varied widely, 
from 16 to 22 hours, with a mean of 19.2 
hours. Degeneration of virus was rapid 
following the peak of infectivity with gen- 
erally only one further small 
occurring. No increases were ever detected 


‘release 


HOURS OF INCUBATION 


Graph 1—pH changes at different periods of cul- 
ture incubation. 


after the thirty-eighth hour of incubation 

Complement-fixing roughly 
followed the infectivity curve; however, 
the former test is much less sensitive than 
the latter and increased in a gradual up 
ward curve, showing the stepwise effect 
only when the virus were of 
great magnitude. Upon reaching the peak 
as indicated by infectivity tests, the com 
plement-fixing titer vari 
able, sometimes rising, sometimes falling, 
sometimes remaining stationary. 

Guinea pig protective tests tended to 
support previous reports that the protec 
tive power of foot-and-mouth disease vac 
cine Was not in accordance with the infee 
tive virus content. Thus, Fogedby and 
Johnson * reported good immunizing prop 
erties of cultures incubated so long as to 
contain no demonstrable active virus, and 
Mohimann ® stated that the peak of immu- 
nizing material in foot-and-mouth vesicles 
of the bovine tongue appeared after the 
occurrence of the highest demonstrable in 
fective titer. 

The varying occurrence of the peak of 
infective virus poses a problem in the se 
lection of the optimum time of culture 
harvest. Workers with other viruses have 


titrations 
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was extremely 
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Graph 2—Combination of ail experiments—growth curve of foot-and-mouth disease virus in 
large-scale tissue cultures. 


shown that the peak occurrence of virus 
growth is related, among other factors, to 
the size of the original inoeulum.'’!! To 
test this factor as a possible factor in the 
varying peaks which were encountered, 
two experiments were devised wherein a 
series of cultures were prepared and ino 
ulated in the usual manner; a second se 
ries of cultures was inoculated with the 
same seed virus diluted 1:10 in phosphate 
buffer (pH 7.6). The cultures were imeu 
bated in the usual manner and paired cul 
tures harvested during the period of 16 to 
26 hours of incubation. As would be ex 
pected, the culture receiving the larger in 
oculum reached its peak at 20 hours, the 
culture receiving the lesser inoculum at 24 
hours. The final titer of the latter cultures 
closely approximated that of the former 
cultures but did not quite equal it. It 
would not be surprising if more extensive 
trials revealed that the final titers of both 
would average about the same 
Experiments involving the earlier hours 
of incubation have revealed a considerable 
variation in the time required for different 
cultures to complete their eclipse phase 
and display the first virus increase. This, 
in turn, undoubtedly is reflected in the 
variable times of the occurrence of the 
growth peaks. This variation in initial 
growth has been shown to be due to the 
differences in time required for the tem 
perature of the mediums and tissues to be 


brought to 37C. The more rapidly the 
temperature is reached, the more rapidly 
does growth commence. 

The pli levels of cultures harvested in 
series throughout the half-hour to 62-hour 
period of ineubation are given (graph 1 
The fact that foot-and-mouth disease virus 
apparently will not multiply when sus 
pended in fluids of less than pil 6.9% 
probably accounts, in part, for the rapid 
cessation of growth and the inactivation of 
virus in cultures incubated for long pe 
riods of time 

The combined impressions from all ex 
periments are depicted (graph 2) as rep 
resenting the hypothetical growth curve of 
foot-and-mouth disease virus in large seale 
tissue cultures 


SUMMARY 


Foot-and-mouth disease virus (type © 
Holland strain) multiplies in large seale 
tissue cultures In a stepwise manner as 
do most viruses in tissue eulture, Titra 
tions of the whole culture revealed the first 
detectable virus increase as oceurring at 
about the fourth hour of ineubation, Fol 
lowing a drop in titer, a second increase 
occurred about the eighth hour, being fol 
lowed by one or two further increases until 
the peak was reached, After reaching the 
peak, one or two lesser increases occurred 
No increases were ever detected after the 
thirty-eighth hour. The peak of infectious 
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virus occurred at various times between 
the sixteenth and twenty-second hours 
with a mean of 19.2 hours. The rapidity 
with which the peak of growth was reached 
was proportionate to the size of the inocu- 
lating dose. 

Titrations of immunizing capacity indi 
cated that this property continued to in 
crease beyond the time when the peak of 
infectivity was reached. The longest pe 
riod studied was 63 hours, at which time 
the immunizing titer was still rising, 
though infectious virus had almost dis 
appeared. 

Titers of complement-fixing antigen 
roughly followed those of infectivity ti 
ters ; however, the former test was less sen- 
sitive and, thus, was often unable to detect 
the stepwise increase but showed merely a 
gradual upward rise. The peaks of infec 
tious and complement-fixing titer gener- 
ally coincided; however, the relationship 
was highly variable thereafter. In 
cases the complement-fixing titer contin 
ued to rise; in others, a gradual decrease 
occurred, Thus, a continuous relationship 
between complement-fixing and immuniz 
ing components appears to be questionable. 


ADDENDUM 


Following preparation of this manu 
script for publication our attention was 
drawn to a recent article by Ubertini, B., 
et al. (Vet. Ital., 6, |1955|: 403-418) on 
similar aspects of this problem. The ex- 
perimental details were not given but the 
authors concurred with the findings re 
ported herein that the growth curve of in 
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fectious virus is not paralleled by the 
changes in immunizing antigen. These 
workers recommended, however, the use of 
complement fixation as a means of deter- 
mining the level of immunizing antigen. 
The reason for the latter discrepancy with 
our findings can not be determined from 
the information given in the article 
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Adenocarcinoma of the Uterus of the Cow—Differentiation of 
Its Pulmonary Metastases from Primary Lung Tumors 


A. W. MONLUX, D.V.M., Ph.D.; W. A. ANDERSON, D.V.M., M.S.: 
C. L. DAVIS, D.V.M.; W. S. MONLUX, D.V.M., Ph.D. 


Denver, Colorado, and Ames, Lowa 


Vircnow’s observation in the nineteenth 
century that organs to which epithelial tu 
mors metastasize are rarely the site of pri 
mary carcinoma is still a fundamental to 
be considered in the study of metastatic 
carcinomas. Today, if Virehow could re 
view the expanding literature on the path 
malignant tumors, he would 
probably agree that his postulation is not 
aS axiomatic as it appeared to be in the 
infaney of cancer research. The increased 
recognition or occurrence of primary pul 
monary neoplasms in man would undoubt 
edly amaze him. He would 
prised to find that the majority of the pri 
mary lung tumors diagnosed in man have 
been proved to be derived from epithelial 
cells and that many of these are diagnosed 


OYCTIOSIS of 


also be sur 


as carcinomas 


In reeent United States, there has 


tendeney 


years in the 


been an inereasing among veterinary 
pathologists to regard an appreciable number of 
cattle which 


have neoplastic lesions in the lungs and other vari 


the metastatic adenoearcinomas of 
pulmonary tumors 
have been found by 
They 


the lungs and seat 


able anatomic sites as primary 
Many of these tumors prac 


titioners and meat inspectors have usually 
noted massive involvement of 
and 


laboratories in the 


tered lesions in the remainder of the viseera 


have submitted 


hope that the 


specimens to 
primary site might 
There 


information 


be apparent in 


histological studies have been many re 


quests for detailed about this group 
of tumors 

In 1951, a survey was conducted of all cases of 
neoplastic disease of food-producing animals in 
the files at the 


tory at 


Research Labora 


eattle, 


Animal Disease 
Colo In 


metastatic adenocarcinoma with neoplastie involve 


Denver, older cnses of 


From the Animal Disease Research Laborator 
Monlux, Anderson, and 
Service, U.8S.D.A., Denver Federal Center, Denver, ¢ 
and Department of Pathology (W. 8S. Monlux Div 
of Veterinary Medicine, lowa State College, Ames 

We are indebted to Dr. J. W. Hovorka, inspector in 
charge, Dr. A. L. Stigers 
(now inspector in charge 
U.8.D.A. at Dubuque 


Davis Agricultural K 


charge 

AKS 
lowa and to the veterinarians 
assigned to the Meat Inspection Branch, ARS, U.S.D.A 
Denver, for their cooperation veterinarians at the 
Animal Disease Research Laboratory in th: 
specimens Detailed necropsies of many of the general 
ized cases of adenocarcinoma of the uterus mentioned 
in this paper were possible under this arrangement 


assistant 
Meat Inspection Branch 


inspector in 


with 
collection of 


ment of the lungs and lymph nodes and sometimes 


other visceral organs were frequently encountered 
In a review of histological preparations and avail 


able reports of these metastatic earcinomas, a pul 


monary origin could be established only in a mini 


mal number of the Distinetive tubular 


structures, such as neoplastic bile duets and uri 


niferous tubules, suggested a definite primary sits 


in some of the metastatic eareinomas In other 


been included and woes 


tissues, OF the re 


the primary tumor had 


recognizable in the submitted 
maiming metastatic bovine 


with the 


carcinomas, the authors 


were impressed similarity in the miero 


scople appearance and the neeropsy findings of a 


large group of scirrhous adenoearcinomas in whieh 
the lesions were from metustate 
Ther 


group of tu 


indistingzuisha ble 
lesions seen in cases of 
distinet 
mor fo any 
\ tentative 
tract 


uterine carcimomas 


Wiis ho resemblance of thi 
other common metastatic eareinomas 
diagnosis of probable 


this 


tubular genital 


tumors was made for group of meta 


statie seirrhous carcinomas In this survey, onls 


five cases of 
and 


lung lesions with no extrapulmonie metastases 


primary lung tumors were recognized 


four of these were represented by multipl 


After this survey was completed, an agreement 
was made with the Federal Meat Inspection Sery 
ive at Denver whereby veterinarians from the Ani 
mal Disease Research Laboratory cooperated in 
conducting and evaluating detailed hecropsies of 
of 


found at 
resulting 


neoplastic disease 


inspection In the 


postmortem 
studies, compara 
tively small, single or multiple lesions of an adeno 
carcinoma of the uterus with extensive metastases 
to the lung, viseeral lymph nodes, and organs of 
the abdominal eavity found in a 
number of affeeted 
1953, nine of the 
the uterus 
This 


does not 


were significant 


animals During the year 
26 cases of adenocarcinomas of 
this 


recognition of 


reported in article were found 


inereased uterine carcinoma 


imply nN higher oceurrenee of the tumor 


in recent yeurs Actually, the recovery ind identi 


fication of diseased bovine uteri containing small 


tumors is difficult in most abattoirs dur 


to the 
gaus 


minlitios 


accepted practice of discarding these or 


ufter a eursory inspection for gross abnor 


Obvious objections toward placing thes 
organs into either pan of the standard paunech 
(A few 


have in 


truck have necessitated such a procedure 


large meat packing establishments now 


stalled movable pans on a chain assembly for the 


viscera inspection of cattle; this allows a routine 


inspection of the genitourinary organs with the re 
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mainder of the viscera.) In many instances, small 
uterine recovered and 
for detailed study only through the alertness of 
the veterinarian conducting the inspeetion 

This cooperative tumor project has been grati- 
fying from an academie viewpoint in 
primary 


lesions are made available 


respect to 
the metastatic adenocarcinomas, as sites 
in the uterus, kidney, ovary, or other organs could 
usually be established when the entire viscera and 
eareass were available for 
group of four earcinomas considered 
the lung parenchyma with 
lymph node metastases or both have been recog 
nized, With the five pulmonary neoplasms re 
viewed in the preliminary they 
total of nine primary epithelial lung tumors avail 
able for this study. While this group is small and 
admittedly incomplete from a differential stand 
point, they are diseussed because of the need to 
differ from metastatie pulmonary 
The about the di 


agnosis of lung tumors in any species and the few 


examination, Aiso, a 
primary in 


thoracie or cervical 


survey, made a 


show 
adenocarcinomas, 


how they 
controversy 
reported cases of pulmonary neoplasms 
in the bovine 
interest. Reeognition 
mary sites of metastatic 
the appearance of their 
helpful in the evaluation of 
this paper. It that 
group of adenocarcinomas, 
to have had their origin in the tubular portions of 
the genital tract in the 1951 their 
primary sites in the uterus. Pertinent rela 


tive to these eases and to eases with 


primary 
species make their presentation of 
of the 


bovine 


more common pri 


carcinomas and 


metastases were most 
presented in 


large 


indieated most of the 
metastatic suspected 
survey, had 
data 
metastatic 
lesions of probable uterine carcinoma dingnosed 


since the preliminary investigation are summar 


ized (tables 3 and 4). The occurrence of this type 
of tumor in female animals only is essential sup 
porting evidenee for a diagnosis of probable uter 
ine carcinoma. However, in ‘‘the cancer age’? o1 
older age group of eattle, a far greater number of 
cows are slaughtered than the combined totals for 
bulls and steers. 

The gross and microscopie differential diagnosis 
of these uterine tumors from various granuloma 
tous and parasitic conditions and from other neo 
plastic diseases (exeept for the data on primary 
lung tumors) is considered only in generalities in 
this paper beeause of the desirability of narrowing 
uterine and 


the diseussion to « consideration of 


lung tumors. 


LITERATURE 


Joest,” in 1924, summarized in a very complete 


and judicious manner much of the European and 


Ameriean literature on adenocarcinoma of the 
uterus of the cow and emphasized the difference 
of opinion among investigators in regard to their 
Perhaps the earliest observation on a 
relatively large group of these 
was made by Guillebeau” in 1899 at 
zerland, and later and 
Scholer in 1916. 


incidence, 
adenocarcinomas 
tasel, Swit 
summarized enlarged by 


Guillebeau observed seven euses 
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but believed five cxreinomas of the cervix. 
From his gross and microscopic deseriptions and 
that all 


Scholer found two additional eases, in 


were 
illustrations, it is probable were of uter 
ine origin. 
cows 8 and 10 years old, at Basel in the inspeetion 
of 12,225 slaughtered enttl that 
all of Guillebeau’s cases were also adenoearcinoma 
of the 
tion was made in 


and suggested 


The most 
1902 by 


uterus. complete early observa 
Sticker” in Berlin. In 
his series of 78 primary carcinomas in cattle, he 
found 44 
tract. Of these 44, ten were 
cites the work of Carnat at the Bern Vet 
Pathologie Institute 1887 to 1918 


who found earcinoma of the uterus. in the cow in 


(56% ) to be present in the urogenital 
uterine earcinomas. 
Joest 
erimary from 
six of 141 tumors, and of Detroix, who found four 
among 49 cattle 
Joest also mentioned Sehutz and Johne’s 


‘‘epitheliomas’’ of the uterus 
tumors. 
observation on 78 bovine cases of careinoma in 
which 56.4 per cent involved the urogenital tract. 
Sedimeier,” Karetta,"* and Thieulin 


investigators who 


Wyssmann,” 
have de 
of bovine 


are other European 


seribed individual or limited numbers 
uterine adenocarcinomas. 
Trotter's 


quoted frequently by 


statistics” on neoplasia have been 
those who suggest that ade 
rare. He 


including 298 fe 


nocarcinoma of the uterus in eattle is 


observed tumors in 300 eattle, 
males, and diagnosed but one case of adenocarei 
reported by 

to explain 


noma of the uterus (a case earlier 


Murray“). Joest and others attempt 


the discrepancies between Trotter’s and Sticker’s 
observations on the incidence of eareinoma of the 
bovine uterus by pointing out that Trotter’s cases 


included relatively old animals (75% over 15 
years of age), while Sticker’s cases represented 
all age groups. In the obviously limited and some 
what disguised 


Jobbson in 1899, 49 earcinomas in 


made by Loeb and 
2,514,446 cattle 
They de 
as consisting predominantly of 
The that 
was they 
49, and the thoroughness 


observations 


slaughtered in Chieago were observed. 


scribed the cattle 


cows over 6 years of age conelusion 


carcinoma of the uterus rare beeause 


found none among the 


questioned 
i” 


of their observations ean rightfully be 


when a perusal of Loeb’s publication reveals 

that 48 of the 49 cases 

eye or its appendages 
Ball Boudet 


of a uterine carcinoma in 


were carcinomas of the 


reported “at 


1925. 


and interesting case 
A 66-year-old cow 
had been manually delivered of a normal calf. In 
weeks, the cow was and consti 


three inappetent 


pated. Diffieulty in urinating prompted an exami 
nation of the genital 
fourth week, large 


uterus near the cervix 


organs at the end of the 


tumor was palpated in the 


us well as greatly enlarged 


pelvie and sublumbar lymph nodes. In a few more 


days, the animal became dyspneie. Massive uter 


into the peritoneal eavity were 


4 days after the dys 


ine hemorrhages 
responsible for her death 
tocia. A 
presence of a 
to the sublumbar lymph nodes and lungs 


microscopic examination confirmed the 


uterine carcinoma with metastases 


ed 
= 
. 
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Udall, Fineher, and Cush 
of the of 


adenocarcinoma 


The case reported by 
ing”™ in 1926 
well 


cow 
the 
of 
lost 
observed illness 
Shelton, 
Denver, Colorado, reported that 


cancer corvix 

of 

diagnosis 
The 


progressively 


as 
been 
view of 
of the and 
Holstein-Friesian, 
died after 
Davis, 


could have an 
the 


cervix 


uterus in histological 


carcinoma uterus. cow, 
6- year-old 
her condition and an 
of 
in 
of 


five-year 


several months. 
1933 at 
90 bovine tumors collected by them during a 
of the 


The four adenoearcinomas had been found 


Leeper, and 
four 
adenocarcinomas 


period were 


uterus, 


in federally inspected abattoirs but were not avail 


able for inelusion in the present study. Feldman 
reviewed and confirmed the diagnoses made by the 
group at Denver and 
for material for his monograph 
other of 
animals, 


used these eases and others 
and at 


the 


least one 


article” on neoplasia domesticated 
of 
adenocarcinoma of the uterus in 1941” and of 14 
in 1943 well documented. In eight of 
his metastases found in the lungs. 
Ottosen’s first reported from Copen 
hagen, Denmark, and had been deteeted by a prac 
ticing veterinarian while doing a rectal examina 
an older 
of the fetal membranes, and sterility 
several months’ duration, Ottosen 
his research in Stockholm, Sweden, at the Royal 
Veterinary College and the State Veterinary Med 


Ottosen’s deseription one bovine seirrhous 


CASES are 
CUSCS, were 


Was 


heeause of a history of re 
of 
later continued 


tion on cow 


tention 


Institute and the 14 eases included in his see 
had diagnosed at 


ond report been those institu 
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theme 
| had beeome sterile, a second with lung 
ill and had 
the lungs, and the third, in which ex 
found, had 
recurring tympanitis 
frequent recognition of 
adenoeareinoma the lungs of eatth 
with other carcinomatous 
metastatic lesions in lymph nodes and abdominal 


tions Clinieal sigts were recorded for 3 « 


animals; 


metastases haa been noticeably loud 


rales over 


tensive lesions been 
treated 


Ottosen 


peritoneal were 
for indigestion and 
mentioned the 
scirrhous in 


(usually in combination 
and believed that most of them originated 
He 


adenoearcinom: 


us metastases of primary tumors of the uterus 
stated that 47 of 
of the lungs had been found at the Royal Veter 
College and the State Medien! 
Institute in Sweden in their investigations of neo 
plastic diseases. Ottosen Harbitz’s 
work” at the Royal the 
Veterinary Pathological Anatomical in 
where Harbitz had 
of the 
adenocarcinoma 
that these 37 
of scirrhous 
studied by at Stockholm 

Sweden 


CHSCs scirrhous 


nary Veterinary 


also deseribed 
College and 
Institute 
three 
of 
Ottosen 
the 
the 


Veterinary 


Norway observed 
and 37 
the 


were 


uterus 
of 


of carcinoma cases seir 
he 
47 
lung 


rhous lung 


similar to 


of 


lieved 
adenocarcinoma 
him 

Lagerlof and Boyd 
examinations of the 
eattle of the Swedish 


two-year period 


made 
of 
bree 


in 


sexual organs 6,280 dairy 


Highland during a 
1952 of 


scirrhous adenocarcinoma 


ending study 


in mon 
ovarian hypoplasia 
of the 

Keeently, Dobberstein,® in Germany, 


of 1,241 


uterus Was an incidental finding 


made a sta 


tistical evaluation bovine tumors whieh 


TABLE i1—Bovine Uterine Adenocarcinomas and the Location of Their Recognized Metastases 
in Selected Anatomic Sites 


(when 


Estimated 
Case 
No known) 
$196 
3090 
2973 
2007 
2424 


2786 


Hereford 


reford 


reford 
reford 
reford 
reford 


sreford 


reford 
reford 


1999 
1354 
1450 


1210 reford 


Hereford 


tr. Swiss 


Totals 


Location metastatic lesion no recognized 


Kron 
ehial 
lymph 


node 


Medi 
astinal 
lymph 


node 


Sub Internal 


lumbar Per 


lymph lymph toneal 


node node surfaces 


metastasis 


| 
. 
D 
D 2696 7 He 
D 2662 He 
D 2422 9 
D 2332 8 
‘ 
p 2001 11 
5 
D 7 
‘ 
D #10 10 
D 669 aged 
129472 old | 
15214 aged 
i 
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investigators. He 
that 
uterus. His 


had been reported by various 


listed 393 eases of carcinoma and indicated 


47 of these were earcinomas of the 


tables show only carcinomas of the eye, stomach, 


liver (and gall bladder), ovary, and skin with a 
higher reported incidence than uterine earcinomas 
that, of 
rabbit and cow develop uterine carci 


The 


ine careimomes in the other 


Dobberstein mentioned the domesticated 


animals, the 
homas most frequently. securrence of uter 
animals re 


from 


domestic 


ported by Dobberstein ean be summarized 


his tables as: one of 156 tumors (73 eareinomas 
in eats, four of 1,925 tumors (773 carcinomas) in 
dogs, one of 188 tumors (25 earcinomas) in swine, 
none of 114 tumors (36 careinomas) in sheep, and 


six of 1,222 (546 carcinomas) in horses. 


Pat HOLOGICAL INTERPRETATIONS 


The age, breed, and distribution of le 
sions in 26 cows with adenocarcinoma of 
the uterus are reported in this study (table 
1) and the diagnoses of five other carei 
homas Which were regarded as primary tu 
mors of other segments of the tubular por 
tion of the bovine genital tract are given 
table 2 listed in two 
tables represent all the examples of pri 
mary adenocarcinoma of the tubular por 
tious of the bovine female genital tract 
diagnosed at the Denver laboratory, The 
tumors of the cervix recorded in table 2 
resembled the uterine carcinomas re 
spect to pattern of metastasis and secon 
dary tissue reaction and were of 
importance only because of infrequent 
occurrence 

Only four of the 26 uterine tumors and 
two of the five tumors of the genital tubu 
lar organs, other than the uterus listed in 
tables 1 and 2, did not have lung metasta 


The cases these 


less 
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Davis 


node metastases indicates that these cases 
of uterine carcinomas represent advanced 
stages of a malignant tumor. Observations 
‘an be made in regard to the distribution 
and appearance of the multiple 
which should be helpful in the recognition 
and understanding of this disease when en- 
countered clinically or at necropsy. Data 
from some of the early cases were meager, 
metastases may have been over- 
not recorded. However, table 1 


corded occurrence of metastases 


lesions 


sO some 
lookec 

lists ths 
in lymph nodes which are closely related 
to the metastasis of the tumor from the 
uterus to the lung. The internal iliae 
lymph nodes, which drain the lymphatics 
from much of the female genital tract in 
cluding the uterus, the sublumbar 
lymph nodes are routinely examined in 
meat inspection to deteet, in addition to 
other conditions, evidence of tumor metas 
tases from the genitourinary organs. In 
animals with lung involvement, onee me 
tastases were present in regional 
lymph nodes, several individual or combi 
nations of routes of metastasis may have 
been followed to the lungs. Since the tu 
mor often invades through the capsule of 


and 


these 


lymph nodes, through the walls of the lym 
phatics, or stays in the lymphatic channels, 
it could easily follow in or along existing 
lymphatics near the aorta and finally be 
come established in many of the sublumbar 


lymph nodes. During this progressive 
lymphatic spread, there is ample opportu- 
nity for the tumor to enter the venous 
blood system, either by invasion of veins or 


directly through the lymphatic tributaries 


ses. The predominance of lung and lymph of veins. Embolie dissemination via the 


TABLE 2—Bovine Carcinomas, Other than Uterine, of the Female Tubular Genital Tract and 
the Location of their Recognized Metastases in Selected Anatomic Sites 


Internal 


Medi Sub 
lumbar ilia Peri 


Bron 
Breed chial 


awe (when 


mated astinal 


Diagnosis and lymph lymph Ivimph tonea! 


(yr.) known) primary site Lung nodes nodes nodes node surfaces 


Hereford Squamous cell 
carcinoma 
of vulva 
Squamous cell 
carcinoma 
of cervix 
Adenocarcinoma 
of cervix 
Hereford Squamous cell 
carcinoma 
of vulva 
176040 Squamous cell 
carcinoma 
of vagina 


Totals 


cation of a metastatic lesion no recognized metastasis 


Cane 
(No.) 
. 
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veins or thoracic duct certainly could: pro- 
duce the multiple lung lesions seen in our 
cases. It is quite probable that the main 
tributaries to the cisterna chyli and the 
thoracic duct or ducts* are frequently in 
vaded directly; two cases in which large 
portions of the thoracic ducts were dis 
tended with tumor thrombi and emboli 
were available for detailed study. Arterial 
inVaSiOn Was never recognized, even though 
involvement of veins and larger lymphatics 
was frequently evident as thrombi and em 
boli in the lungs, uterus, and 
mediastinum (fig. 25). 
Further evaluation of table 1 

large group of cases in which there were 
metastases to peritoneal The 
omission in the table of notations regard. 
ing liver, spleen, kidney, and adrenal me 
tastases, or other metastases to abdominal 
organs, is based on our belief that most of 
these lesions represent or originate from 
transperitoneal and therefore 


vessels in 
reveals a 


surfaces 


metastases 


* Two thoracic ducts were some of the cattle 


examined in this 


seen in 
study 
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can be grouped, to simplify their presenta 
tion, under metastases to a peritoneal sur 
face. The findings in 
the more recent cases with peritoneal me 
tastases and the histological examination 
of tissues from all cases support this con 
clusion, Involved areas were consistently 
found where the tumor had made only a 
limited invasion of the subserous tissues of 
the involved membranes. Most 
invasive liver lesions are believed to have 
their origin from transperitoneal metasta 
ses (fig. 7 and 26 

Lymphatic spread of the tumor to the se 
rosa of the uterus, the fallopian tubes, and 


Hecropss seven of 


Orygatis o1 


ovaries will be discussed in the section on 


microscopic data. These metastases and the 


early metastases to the regional and more 


that 


subserous 


distant lymph nodes would suggest 
further extension through the 
lymphatics to the peritoneal or abdominal 
organs could be expected. Transfallopian 
tube metastases of tumor fragments from 
a growth no longer retained by an intact 
endometrium or the rupture and liberation 


TABLE 3—Metastatic Adenocarcinomas in Cows Resembling Carcinomas of the Uterus with 
Submitted Lesions Limited to the Lungs or Lungs and Lymph Nodes Listed Below 


Kati Bron Medi 
mated 
age 


(yr.) 


Breed 
(when 
known) 


chial 
lymph 


nodes 


Hereford 


Hereford 
Hereford 
Hereford 


Friesian 
Holstein 
Hereford 


16069 
15543 
1534% 
Totals 2n 


* All cases were female animals; + location of 


astinal 
lymph 


nodes 


metastatic 


Sub 
lumbar 
lymph 


Internal 
iliac 
lymph 
Other lymph nodes 


nodes nodes 


fervical, prefemora 


Sacral 


“ternal, intercostal 


inguinal, sacral 


Posterior cerve 
Kenal 


Posterior 


Cervical, sterna 


lesion no recognized metastasin 


ie 
Re 
x 
if 
4 af : 
4 
D 3348 5 
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D 3280 10 oa 
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D 2914 old 
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2594 
2348 ) ial, rena 

2092 2 | 
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D 1745 aged 

Kenal 
1669 aged Deep inguina a 

D 309 
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of tumor cells from tumefied lymph nodes 
or other diseased abdominal tissues are the 
only other logical source of peritoneal 
lesions. Palpation and manipulation of 
tumefied uteri, lymph nodes, or other ab 
dominal tissues could actually hasten the 
dissemination of the tumor throughout the 
peritoneum by either the implant or lym 
phatic route. In the most recently exam- 
ined case (D 3281), there were many small 
nodular growths on the peritoneum for a 
distance of about 3 to 4 em. from 
group of sublumbar lymph nodes. Lack of 
involvement of the remainder of the peri- 
toneum suggested secondary 
from lymph node to peritoneum 

In uterine carcinomas with lung metas- 
tases, general systemic metastases should 
not occur unless the capillary barrier of 
the lung is breached. Lack of evidence of 
systemic metastases in the brain, adrenal 
gland, kidney, skeletal muscle, and bone 
marrow supports our conviction that at 


one 


metastases 
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least a very high percentage of certain 
questionable metastatic growths, partienu- 
larly in the liver, did not have a systemic 
origin. It should be remembered, however, 
that the cows represented in our 
were in sufficiently good condition to per- 
mit slaughter. Spectacular systemic metas- 
tases are usually found in cases of adeno- 
carcinoma of the uterus in women only 
when there are symptoms suggestive of ar- 
terial embolism or in a few of the cases 
with histories of fatal metastasis. Perhaps, 
veterinary clinicians and pathologists will 
report an occasional systemic metastasis in 
the fatal the which are 
brought to their attention. In the abdomi- 
nal organs and particularly in the liver, 
we did observe the establishment in meta- 
static bovine uterine carcinomas of  seat- 
tered, secondary satellite growths. It is 
possible that such growths could set up a 
cycle of metastasis independent of the pri- 
mary uterine tumors. This secondary pat- 


series 


cases of disease 


TABLE 4—Metastatic Adenocarcinomas in Cows Resembling Carcinomas of the Uterus with 
Submitted Lesions Establishing the Presence of Lung and Transperitoneal Metastases and the 
Lymph Node Metastases Listed Below 


hath bron 
mated Breed chial 
age (when lymph 
known) nodes 


Hereford 


old Hereford 
7 

aged Hereford 


7 
f 


Hereford 


mature 
12 

6 
10 
% 


adult 

5789 aged 
15664 
15497 7 


15455 
15141 
15004 


Holstein 
Friesian 
14568 5 
Totals 1 5 20 


14807 


* All cases were female animals; 


M edi 

astinal 
lymph 
nodes 


+ location of a metastatic lesion 


Sub Internal 
lumbar iliae 
lymph 
nodes 


lymph 


nodes Other lymph nodes 


Notation of 
affected 


lymph nodes 


Sternal, posterior cervical 


Ktenal, posterior cervical 


Sternal 
Posterior cervical, mesenteric 
prescapuiar, portal, popliteal 


Mesenteric, rena 


Notation of “all visceral lympt 


nodes affected 


Portal, mesenteri 
Notation of “thoracic and ab 
dominal lymph nodes affected 


Notation of “body and visceral 
lymph nodes affected 


Renal 


10 11 


no recognized metastasix 
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tern of metastasis would more closely re 
semble those of a malignant epithelial tu 
mor of the invaded organ and could result 
in lymphatic spread to the posterior medi 
astinal lymph nodes. However, most medi 
astinal lymph node metastases in our cases 
were believed related to a lymphatic metas 
tasis from within the thorax. Generalized 


metastases or death should soon follow the 
massive lung and abdominal cavity in 
volvement present in many of our cases 


Obviously, a stage is reached where the 
cow either becomes sterile or is in a notice 
ably poor physical state. The owner, if 
aware of the animal’s condition, probably 
attempts either to institute medical treat 
ment or to market for her 
salvage value. On other farms and ranches 
where a careful animal husbandry is not 
practiced, the animals undoubtedly die 

Incomplete notations on the conditions 
of the cows (table 1) indicate that 18 were 
thin and in poor to fair condition at time 
of slaughter, 2 were good condition 
(D 1210 and D669), and 1 was a very fat 
animal (1) 1450). 


sends the cow 


In the animals with metastatic adeno 
carcinoma indistinguishable from adeno 


carcinoma of the uterus (tables 3 and 4) 
some of the uteri were not available for a 
critical inspection. When the genital tract 
was examined in the remainder of these 
animals, no tissues or unsatisfactory speci- 
mens from a suspected uterine lesion had 
been forwarded for subsequent histological 
confirmation. A relatively large number of 
uterine tumors are probably encountered 
on postmortem inspection if a high per 
centage of these animals actually have ade 
nocarcinomas of the uterus with metasta 
The appearance of submitted lesions, 
pattern of metastasis, secondary tissue re 
action, and occurrence in older cattle make 
them indistinguishable from our better 
documented uterine carcinoma. 
The data (tables 3 and 4) were separated 
into two individual compilations so that it 
might better be correlated with the data 
and discussion of table 1. It is shown that 
12 cases (table 1) of uterine adenocarei 
noma had ling and peritoneal metastases 
while only lung or Jung and lymph node 
metastases were recorded for ten other 
cases. Similar recorded metastatic lesions 
are listed for 29 cases and 33 cases, respec 
tively, in tables 3 and 4 
had the conviction that 


Ses, 


cases of 


Ottosen also 


many metastatic 
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adenocarcinomas of the lung in cows are 
submitted for laboratory examination with 
the smaller primary uterine being 
overlooked or not considered important 

As mentioned previously, the data pre 
sented in tables 3 and 4 represent only the 
in which the submitted lesions could 
not be differentiated from 
uterine carcinomas. While similarity does 
not coustitute identity, we believe that di 
agnosis of probable uterine tumor is justi 
fied. If the idea of a primary lung tumo; 
with abdominal metastases can be dispelled 
as being improbable, natural curiosity 
should) immediately be aroused, the 
more typical cases, as to the reason for the 
involvement of the sublumbar and internal 
iliae lymph nodes or the widespread peri 
toneal Only after the genito 
urinary organs and the posterior portions 
of the intestinal tract have been carefully 
examined for a primary tumor is there any 
justification for considering the possibility 
of a more remote and, hence, unusual site 
of origin. Future observations may pro 
duce evidence that other genitourinary or 
are the probable primary 
some of the tumors listed in tables 3 and 4 
Kidney, ovarian, and adrenal tumors have 
been encountered in our studies of 
plastic disease but most of these are easily 
recognized and it is doubtful if there could 
be much bet ween 
tumors of organs and adenocarei 
noma of the uterus. As an example, the 
grantlosa-cell tumor of the ovary has ana 
tomic sites of metastasis in the peritoneal 
eavity and lymph nodes similar to a uter 
ine carcinoma but is quite distinetive in its 
gross and microscopic appearance 

Some metastases were undoubtedly over 
looked in the reports condensed into tables 
3 and 4, although such a conjecture ean 
not be applied to individual eases. We en 
countered the phenomenon of one or more 
lymph nodes being free of tumor while the 
neighboring nodes contained massive neo 
plastic deposits. In table 4, the lack of re 
corded metastases at some of the lymph 
node sites, particularly in earlier cases, can 
be qualified by the observation that post 
mortem notations submitted by contribu 
tors often gave detailed deseriptions of 
lesions of the peritoneum or abdominal or 
gans and only a limited or general state 
ment in regard to lymph node metastases 
Therefore, the lymph node lesions observed 
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metastases of 


metastases 


vals sites of 


neo 


confusion in diagnosis 
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undoubtedly exceeded the minimal re- 
corded data shown in the table 

Kive primary lesions of adenocarcinoma 
of the uterus are shown in the illustrations 
(fig. 1-6, 8, 9). Most of the tumors had 
their primary sites in the uterine horns 
with the left horn having about two-thirds 
of the lesions where notations of the exact 
locations of the growths were recorded. In 
a few instances, both horns were involved 
by a single tumor in the area where the 
muscilar walls of both cornua blend to 
vether and have a common serosal cover 
ing. A primary site in the body of the 
uterus*®* could be established in only two 
cases (D 2691 and D 2422). The tendency 
for the lesions to form a sclerotic, annular 
coustriction without perforation of the 
serosa and little or no ectension onto the 
surface of the endometrium is its most con- 
sistent feature (fig. 1, 4,5). These and the 
other types of uterine growths and their 
metastases were yellow to grey on section 
and characteristically quite fibrous or even 
nodular. Usually, the primary site is 
obvious. 

One animal with three distinet growths 
in the uterine wall (two in one cornu and 
one in the other) is of interest. 

Adenocarcinoma of the Uterus.-Nee 
ropsy of 9-Year-Old Cow, Case D 2824. 
Three distinct, fibrous, grey to yellow 
growths were present in the walls of the 
anatomical body to the be 


Williams ™ has 


to indi 


The designation of an 
vine uterus is actually 
pointed out. We use uterine body in this article 


erroneous as 


cate an area 4 to ® em. long where the two cornua form 


a common cavity which is continuous with the cervival 


canal. 


Fig. 1 and 2—Adenocarcinoma of the uterus of an 8-year-old Hereford, case D 2662. 
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largest of these 
had produced a 


uterine cornua. The 
growths (5 by 3 by 3 em. 


complete annular constriction of the right 


cornu with infoldings of its serosa about 
15 em. from the bifurcation of the horn 
from the body of the uterus. A’ second, 
smaller tumor (2 by 2 by 2 em.) com 
pletely constricted the right cornu about 5 
em. cephalad from the larger tumor. The 
uterus between these neoplasms was filled 
with a watery, reddish fluid. The third 
growth (3 by 2 by lem.) was found in the 
left cornu and was 10 em. from the bifur 
cation of the horn from the body of the 
uterus. It had produced only a_ partial 
constriction of that horn. Uterine mucosa 
appeared to cover these growths within the 
uterus. Similar greyish tumor masses of 
varying sizes were seen in all lobes of the 
lungs and there was extensive scarring as 
sociated with growths. The main bronchi 
and their larger branches were free of neo 
plastic tissue. The tumor was additionally 
found on the omentum, peritoneum, mesen- 
broad ligament of the uterus, and 
Some 


terles, 
on the serosa of the spleen and liver. 
of the hepatic growths were invading the 
parenchyma of that organ. Lymph node 
metastases were present in the bronchial, 
internal ibac, and sublumbar Lymph nodes. 
No metastases were recognized in the medi- 
astinal lymph nodes, 

Lateral spread of one of the growths be 
neath intact endometrium is shown histo 
logically (fig. 21 and 22). 

One of the rather consistent findings in 
cows with extensive sublumbar and inter 
nal iliac lymph node metastases was nu 


Note the 


partial annular constriction of the uterine horn (arrows). 
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merous thrombi in dilated, thin-walled 
vessels in the broad ligament and sublum 
bar region. Although a few of these ves 
sels were proved to be veins by dissection 
techniques, many were undoubtedly dis 
torted Iymphaties. In two instances, the 
thrombi were also recognized in vessels in 
the mediastinal pleura (fig. 25) 

Reetal, renal, and posterior cervical 
lymph node metastases were present in a 
few of the with adencearcinoma of 
the uterus. In one of these animals with 
rectal lymph node involvement, there were 
also extensive metastases in the coceygeal 
vertebrae (D 2001 


COWS 


Necropsy FINDINGS IN SELECTED CASES OF 
ADENOCARCINOMA OF THE UTERUS 
8-Year-Old Hereford Fe- 
A firm, yellow, irreg 
was 


Necropsy of 
male, Case D 2662. 
ular shaped mass (6 by 5 by 3 em 
present in the middle portion of the right 
cornu of the uterus (fig. 1). This tumor 
had produced a partial annular constrie 
tion of the uterine horn which 
still had a patent although tortuous lumen 
The growth had eroded through the uter 
ine endometrium and had replaced most of 
the uterine. wall in the involved areas (fig 

the ineised uterine lesion linear, 
cordlike growth extended from the main 
tumor in the submucosal tissues to, and 
along the entire length of, the fallopian 
tube and finally produced adhesions of the 
fimbria to the ovary. Many fibrous tumor 
nodules, up to 4 em. in diameter, were 
found in all lobes of the lung. Tumor me 
were present the bronehial, 
sublumbar, and iliac lymph 


(arrows) 


tastases 
mediastinal, 
nodes. 
Necropsy of 8-Year-Old Hereford Fe 
male, Case D 2332.—The left cornu of the 


Fig. 3 and 4—Adenocarcinoma of the uterus of an 8-year-old Hereford, case D 2332. 
complete annular constriction of the uterine horn (arrows); a—tumefied ovaries, b—non- 
tumefied ovaries. 
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uterus contained a sclerotic tumor miss 
about 10 em. from its junetion with the 
body of the uterus (fig. 3). The neoplasm 
had produced a complete annular constric 
tion (arrows) although it involved only 
about a 4 to 6 em. length of the horn. The 
corresponding ovary (fig. 4, the incised 
tumefied and nontumefied |b] ovaries, 
and uterine was enlarged and fi 
brous and contained definite masses of neo 
Many small tumor nodules 
were present on the surface of the broad 
ligament adjacent to the affected 
The broad ligament also contained many 
thrombi in the utero-ovarian veins. Tu 
mor masses, usually not more than T to 2 
em, in their greatest diameter, were 
tered in the parenchyma of the lung and 
liver and as hundreds of nodules on the 
visceral and parietal peritoneum, A’ few 
tumor nodules were found on the parietal 
pleura. Large tumor metastases were pres 
ent in the bronchial, iliac, and sublumbar 
lymph nodes and small tumefied areas were 
found in the portal and mediastinal lymph 
nodes 

Necropsy of 7-Year-Old 
1354.—-Seattered tumor 
ent in the body and both horus of a greatly 
enlarged uterus. The cervix was not in 
volved. Metastatic growths present 
in both lungs, the liver, and the bronchial, 
mediastinal and internal iliac lymph nodes 


(see fig. & 


lesion ) 
plastic tissue 


eornu 


1) 


pres 


Cow, 


Masses Were 


were 


Uterus with Me 
Necropsy of 12-Year-Old Here 
D 2786. The animal 
Was in poor condition. A’ yellow, fibrous 
growth (28 by 20 by 5 mm.) had produced 
a constriction of the dorsal wall of the left 
cornu of the uterus about 5 em. from its 
bifurcation from the body, causing a de 


Adenocarcinoma of the 
laslases 
ford 


Female, Case 


Note the 


q 
4 
n 
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Fig. 8—Adenocarcinoma of the uterus of a 7-year- 


old cow, case D 1354. 


Fig. 5, 6, and 7—Adenocarcinoma of the uterus 
with metastases of a 12-year-old Hereford, case 
D 2786. The arrows in figure 5 indicate primary 
tumor; in figure 6, borders of incised tumor; in fig- 
ure 7, larger splenic lesions (a—spleen, b—omen- 
tum, c—liver, d—incised surface of the liver). 
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(fig. 6, incised lesion with 
borders) and the 
CGireyish, 


endometrium 
indicating its 


tu- uterine lumen was still 
raised, nodular or smooth-surfaced growths 


pressed and glossy appearance of the se 
rosa overlying the tumor (arrows, fig. 5). arrows 
There was no visible extension of the 


mor through the surface mucosa of the 


patent. 


Fig. 9, 10, 11, and 12—Adenocarcinoma of the uterus with metastases of a 7-year-old cow, 
case D 2973. 
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(5 to 30 mm. in their greatest diameter ) 
were found on the broad ligament of the 
uterus and on the serosal surface of the 
uterus, omentum, peritoneum, liver, spleen, 
and other abdominal organs (fig. 7, spleen 
la], omentum [b], and the serosal surface 
and incised surface of the liver; 
larger splenic lesions indicated by arrows). 
Some of the splenie and liver growths were 
invading underlying parenchyma, Numer- 
ous, solid, yellow, homogenous nodules (5 
to 20 mm. in diameter) were present in all 
lobes of the lungs. There were also large 
tumor masses in the sublumbar, internal 
iliac, and deep inguinal lymph nodes. 
Necropsy of 7-Year-Old Cow, Case D 
2973.—One horn of the uterus was greatly 
distended with a purulent exudate and a 
portion of its wall was replaced by a flat- 
tened, extremely fibrous, greyish growth 
(15 by 15 by 2 em.) which blended into the 


a 
Fig. 13—The glandular arrangement of neoplastic cells consistently seen in adenocarcinoma of 
the uterus. Note the variation in size and shape of the nuclei and the uneven distribution of 


chromatin in same. 
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adjacent portions of the uterus (fig. 9, en- 
dometrial surface of lesion). Many grey or 
yellow, fibrous, irregularly shaped growths 
were scattered throughout the parenchyma 
of all lobes of both lungs (most were 5 to 
40 mm. in their greatest diameter). Near 
the pleural surface of the lung, the tumor 
sometimes formed crater-like, fibrous le- 
sions (fig. 10). An incised lung lesion is 
shown (fig. 11). Many tiny, shotlike tu- 
mors (2 to 5 mm., dia.) were present in the 
mediastinal pleura in both pleural cavities. 
Some were thrombosed (fig. 25). 
The bronehial and anterior and middle 
mediastinal lymph nodes (fig. 12) were en- 
larged and fibrous ahd contained greyish 
or yellowish tumor masses. 

Lung and Lymph Node Metastases of an 
Adenocarcinoma of the Uterus.—Necropsy 
of a 10-Year-Old Hereford Female, Case D 
2031.—A pale yellow, firm mass (2 by 2 by 


vessels 


Hematoxylin-eosin. x 625. 


Fig. 14—Calcium deposited within neoplastic glandular spaces in an adenocarcinoma of the 
uterus. Small, focal areas of calcification were also found in the connective tissue stroma of 


this tumor. See figure 9 for a gross picture of this lesion. 


Uterus (bovine case D 2973). 


Hematoxylin-eosin. x 500. 
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1 ¢m.) was continuous with the walls of 
both cornua of the uterus about 2 em. from 
their bifurcation from the body of the 
uterus. Yellow, granular, partially calei 
fied nodules were found in the internal 
iliac lymph node and the bronchial lymph 
nodes (fig. 24) and as multiple lesions in 
both lungs (arrows in fig. 23 show a single 
pulmonary lesion). Note the similarity of 
the gross appearance of the lung lesion to 
the two illustrations (fig. 36, 37) of pri 
mary lung tumors. 


Necropsy FINDINGS IN SELECTED CASES OF 
ADENOMA OF THE LUNG 

Cut Surface of an Adenoma of the 
Lung.—Neeropsy of a 2-Year-Old Here 
ford Female, D 1241.—Both lungs 
were studded with soft, greyish, rounded 
masses (up to 1.5 em. in diameter). The 
thoracic lymph nodes appeared normal. 
The main bronchi and their larger branches 
were free of tumor (see fig. 36). 


Case 
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Fig. 15—Adenocarcinoma of the uterus. 


recognizable in the distorted endometrium. 
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2-Year-Old Hereford 
Many greyish white, 
nonealcified, firm scattered 
throughout all lobes of the lungs. A few of 
the larger growths were soft and cheese 
like and contained small, central cystic 
spaces The tumors were not found in the 
mucosa of the trachea or main bronchi 
Most of the growths varied from 1 to 3 em 
in their greatest diameter. Many of the 
body and visceral lymph nodes were in 
jected and hyperplastic but contained no 


recognized metastases (see fig. 37) 


Necropsy of a 
Steer, Case D 2155 


were 


Microscoric DATA 


A significant finding in this study has 
been the observation that, in the metasta 
ses of the bovine uterine adenocarcinomas, 
there is maintained a degree of differen 
tiation and a limit to anaplastic changes 
This does not imply that evidences of 
malignaney were not easily recognized 
Rather, we would advance only the obser 
vations that in no glandular 


Case Wis a 


Groups of tumor cells are infiltrating beneath an 
intact uterine surface epithelium. Note the hyperplastic uterine gland (arrows) which is still 


Hematoxylin-eosin. 


x 125. 
Fig. 16—Is this an early neoplastic transformation or a neoplastic invasion of a gland? Note 
the intact glandular epithelium (arrows) and a papillary structure (lower left corner). Uterus 


(bovine case D 1210). 


Hematoxylin-eosin. 


x 425. 
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pattern not seen in the metastases and that 
solid epithelial groupings of cells in the 
metastatic growths were minimal. The con- 
sistent finding of a glandular pattern was 
particularly important in view of the ten- 
dency for many adenocarcinomas from 
other organs to form anaplastic masses of 
neoplastic epithelial cells in a reasonably 
high percentage of their primary sites and 
metastases. The undifferentiated-cell and 
mixed-cell types of primary lung tumor 
illustrated (fig. 43, 44, 46, 47, 48%) and dis 
cussed in this article are examples of the 
lack of differentiation found in other types 
of bovine tumors. In almost direct contra 
diction to our findings of a consistent 
glandular pattern are the observations 
made by pathologists on cases of adeno 
carcinoma of the uterus in women (Tud 
hope and Chisholm’s paper“ is an excel 
lent example). They recognized extreme 
anaplasia so frequently that they deplored 
the mistakes made in diagnosing diffusely 
cellular adenocarcinomas of the uterus as 
sarcomas 
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Varying degrees of glandular differen- 
tiation in the primary lesion of an adeno- 
carcinoma of the bovine uterus were seen 
(fig. 13, 15, 19, and 22). There was neither 
a consistent size or shape to any of these 
recognizable glandular structures nor, con- 
versely, a transformation into some other 
distinctive pattern. Neoplastic glands in 
which the nuclei of individual cells as- 
sumed a basal position (fig. 34) were not 
frequently encountered. One soon realizes 
the necessity of studying uterine adeno- 
carcinomas as 4 group rather than to at- 
tempt to visualize their similarities to the 
normal tubular glands of the endometrium. 
While cuboidal, neoplastic epithelium was 
frequently present, a stratified epithelium 
was not uncommon and could be related to 
the rapid growth of the tumor. It should 
be mentioned, however, that stratification 
is seen in normal surface epithelium and 
tubules of the uterine glands, as has been 
pointed out by Hatch.'” Stratification and 
rapid growth sometimes obliterated the 
central cavity of the gland but usually left 


Fig. 17—The lymphatic spread of uterine adenocarcinomas through the muscularis to the 
serosa is facilitated by abundant lymphatics in these areas. Note the groups of tumor cells 
plugging thin-walled vessels (arrows). Uterus (bovine case D 2907). Hematoxylin-eosin. x 45. 


Fig. 18—Adenocarcinoma of the uterus. 


Note the groups of tumor cells arranged in tissue 


spaces near thick-walled blood vessels in the myometrium. Uterus (bovine case D 2786). 
Hematoxylin-eosin, x 250. 
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a small but recognizable space (fig. 13). 
The rapid growth also may contribute to 
the formation of the cellular, often 
rotic, debris found within many of the 
glands (fig. 22, 29, 34). The epidermoid 
(squamous) metaplasia seen rather 
monly in human cases was not observed in 
any of the tissues examined in this study. 
Most of the growths had a very fibrous 
stroma (fig. 14, 26, 27, 29, 31) and an in 
filtrate in the tumefied chronic 
inflammatory cells, ineluding lymphocytes 
and eosinophils, was not uncommon (fig. 
19, 34). Focal calcification (fig. 14) was 
not usually seen. Occasionally, microscopic 
fields were found containing tumor giant 
cells (fig. 35) in which the neoplastic cells 
appeared to be a reactive cell of a granulo 
matous process. In our there Was 
little evidenee of progressive growth 
through and on the surface epithelium of 
the uterus. The impression from the pres 
ent study was that the tumor usually was 
centered deep in the endometrium and 
spread laterally under an intact surface 
epithelium (fig. 15). In this manner, many 
non-neoplastic uterine glands (fig. 15, 16 
might have been ineorporated into the 
growths and the distorted appearance of a 


nec- 


areas of 


CHSECS, 


few may actually have falsely suggested 
that they had undergone early neoplastic 


change. While a generalized hyperplasia 
of residual uterine glands in some of these 
involved areas was seen, the atypical or 


Fig. 20—Metastasis of an 
adenocarcinoma of the 
uterus. Note the nests of 
tumor cells in the submu- 
cosal tissues of a fallo- 
pian tube suggesting 
progressive spread from 
uterine lesions by lym- 
phatics. Fallopian tube 
(bovine case D 2477). 
Hematoxylin-eosin. x 260. 
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adenomatous hyperplasia (carcinoma 
situ) described by Speert ‘and Hertig, 
Sommers, and Bengloff '* in human adeno 
carcinoma of the uterus has never been en 


countered in our limited studies of sup 


La 
ay. 


Fig. 19—Adenocarcinoma of the uterus. Infiltra- 
tions of inflammatory cells, including large num 
bers of lymphocytes and eosinophils, were often 
prominent in the uterine lesions. Uterus (bovine 
case D 2786). Hematoxylin-eosin. x 200. 
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posedly normal and diseased bovine uteri. 
These changes in the uterus in women are 
represented by distinet and recognizable 
zones in the endometrium. The involved 
glands are enlarged and irregularly 
shaped. In addition, the cells lining the 
glands are very large with paler than nor 
mal and eosinophilic cytoplasm. 

The growing uterine tumor in the cow 
apparently at some stage in its develop- 
ment is able to spread through the museu- 
lar layers of the myometrium (fig. 17 and 
15). In most of our cases where the tumor 
has broken through into the myometrium, 
groups of tumor cells were found at the 
perimeter of the thick-walled blood vessels 
which form many vascular channels 
through the myometrium, Sometimes, these 
tumor cells appeared to be in thin-walled 
vessels comparable to lymphatics or dilated 
veins. They were also seen as clumps of 
cells near the adventitia of the vessels and 
it was problematical whether they were 
confined by smaller and more difficult to 
demonstrate were infiltrating 
through the supporting tissues of these 
vascular channels. In figure 17, the neo- 


vessels or 


plastic cells are close to the serosa, At the 


borders of the primary lesions, the myo 
metrium beneath intact endometrium was 
frequently focally infiltrated by the tumor 
(fig. 22). The appearance of our few ex- 
amples of metastasis to the fallopian tubes 
(fig. 20) was also suggestive of lymphatic 
or vascular spread. Willis and other 
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Davis 
pathologists believe that, in many of their 
human cases, fragments of uterine earci- 
nomas pass through the lumen of the fallo- 
pian tubes and enter the peritoneal cavity. 
Such a route of metastasis is impossible to 
disprove in most of our 14 bovine cases 
with peritoneal lesions. However, the lack 
of or only limited growth of the bovine tu- 
mors on the surface of the endometrium 
suggested that transtubal metastasis might 
be of only minor importance in the cow. 
It is of interest that Novae *’ and many 
other investigators of the pathogenesis of 
human adenocarcinoma of the uterus had 
early postulated, and still receive support 
for their opinion, that the lymphatics are 
the most important route of metastasis to 
the fallopian tubes, ovary, and peritoneum. 
A study of early bovine cases should estab- 
lish whether the tumor is originally super- 
ficial, as in most human cases, or whether 
it can arise deep in the endometrium, as we 
suspect from a review of our material 
from advanced cases. 

The marked annular constriction (fig. 1, 
3,5), seen in many of our primary lesions 
of uterine carcinoma and which microscop- 
ically showed neoplastic invasion to near a 
serosal surface (fig. 17), suggested that a 
tumor might break through that limiting 
membrane and establish peritoneal im 
plants. However, the lack of implants and 
serosal fibrosis in the constricted areas (al 
though the underlying lesion in the muscu 
laris may be very fibrotic) and the observa 


Fig. 21—Neoplastic cells 
of a uterine adenocarci- 
noma sometimes infiltrate 
through the muscularis 
and are found at the base 
of the glands of the endo- 
metrium. Note the neo- 
plastic gland (arrow) 
near morphologically nor- 
mal glands. Uterus (bo- 
vine case D 2824). He- 
matoxylin-eosin. x 350. 


| 
| 


Am. J. Ver. Res 
JANUARY 1956 


tion that some of our most constrieted 
lesions had no peritoneal metastases indi 
cated that there had not been a rupture of 
the uterine wall in any of the lesions avail 
able for detailed examination, The en 
largement, fibrosis, and possibility of rup 
ture and liberation of  tumefied 
from lymph nodes has already been dis 
cussed, An example of the extreme fibrosis 
often associated with these lesions is shown 
fig. 27 

Metastatic lung lesions of an adenocarei 
noma of the uterus differ from 
their primary lesion and other metastases 
only in their pattern of growth in this dif 
ferent parenchyma. Tumor cells in a peri 
bronchial lymphatic are shown (fig. 28) 
only a short distance from the border of a 
larger metastatic lesion. Monlux'* in’ his 
paper **Primary Pulmonary Neoplasms in 
Domesticated Animals”’ that 
not only tumors but bacterial and virus 
diseases spread most commonly through 


seem to 


suggested 


Fig. 22—Lower power of figure 21 showing the 

diffuse invasion of the myometrium beneath nor- 

mal uterine glands. The neoplastic gland included 

in figure 21 is indicated by arrows. Uterus (bovine 
case D 2824). Hematoxylin-eosin. x 50. 
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Fig. 23 and 24—Lung and lymph node metastases 

of an adenocarcinoma of the uterus of a 10-year 

old Hereford, case D 2031. Arrows in figure 23 
show a single pulmonary lesion. 


the peribronchial tissues and that these tis 
sues seem to be the path of least resistance 


for such extensions. Metastases of a uter 


vessel in the mediastinal pleura of a cow. 
point of attachment of the thrombus is not shown 


n-walled 
The 


Mediastinum (case D 


in the photomicrograph. 
x45. 


2973). Hematoxylin-eosin. 
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TABLE 5—Primary Bovine Epithelial Tumors of the Lung 


hati 
mated 
age 


Distribution 
(when 


known) 


of pulmonary 


(yr.) lesions 


focal 
focal 
focal 


10 Multiple 
old Multiple 


1) 255% Hereford Multiple 


b24i1 Multiple focal 
Multiple-focal 
Multiple focal 
Multiple 
Primary focal 
Multiple focal 


1) 2155 Hereford 
1666 
i24i 
077 
389 


Hereford focal 


* Steer, F female no recognized metastasis 

ine tumor are shown (fig. 5O and 32) in the 
tissues adjacent to bronchioles. As might 
be expected, some of the metastatic lung 
lesions were well encapsulated (fig. 31), 
most had a very noticeable fibrous stroma 
(fig. 29, 44, 35), and a few of the more 
rapidly growing metastases were still in- 
vading adjacent (fig. 33). The 
fibrotic changes in the primary growth and 
the metastases were so consistent that Otto 
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Fig. 26—Metastasis of an adenocarcinoma of the uterus. 


ih 


Location of lymph 


nole metastases Diagnosis 


U ndifferentiated-cell carcinoma 


ndifferentiated-cell carcinoma 


Mediastinal 

Bronchial, mediastinal 

Bronchial, mediastinal Undifferentiated cell carcinoma 
cervical 
retropharyngeal 

Kronchial, mediastinal Mixed-cell carcinoma 

corvical 

cell adenoma 


ell adenoma 


Columnar 
(olumnar 
Columnar-cell adenoma 


Mixed cell 


Columnar 


Bronchial, mediastinal carcinoma 


cell carcinoma 


would seem to have been quite justi- 
fied in designating the tumor in both the 
uterus and lung as adenocar- 
cinoma. 

Our series of nine primary bovine epi 
thelial tumors of the lung (table 5) is 
admittedly small but does demonstrate sev- 
eral distinct types of growths which are 
easily differentiated from lung metastases 
of uterine carcinomas. It is this 


sen 


scirrhous 


A by 
» 


4, 


z 


The progressive invasion of liver 


parenchyma was probably the result of grcwth of tumor implant. Note the glandular arrange- 
ment of the tumor cells and the prominent cirrhosis. The gross appearance of the liver is 


shown in figure 7. 


Liver (bovine case D 2786). 


Hematoxylin-eosin, x 45. 


Fig. 27—Metastasis of an adenocarcinoma of the uterus. This area in a tumefied lymph node 
shows the fibrosis often associated with metastases. Note the thick bands of collagen. Lymph 


node (bovine case D 2973). 


Hematoxylin-eosin. x 50. 
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standpoint that their presentation is con- 
sidered worthwhile. 
include several probable primary lung tu- 
which 
marked anaplastic changes caused reason 
able doubt as to their origin. One of us 
( W.S.M. ) 


reported cases of bovine lung tumors and 


The nine cases do not 


mors in incomplete necropsies or 


has reviewed and discussed 32 
compared them with other lung tumors in 
domesticated animals and in man. Monlux, 
in that article,’ suggested the division of 
pulmonary three 


on the basis of distribution of lesions: (1 


carcinomas into groups 
primary-focal, (2) multiple-foeal, and (3) 
diffuse-infiltrating. Each of these 
was then subdivided into four 
(1) squamous-cell, (2) columnar-cell, (3) 
mixed-cell, and (4) undifferentiated-cell, 
The adoption of this classification rather 


groups 


types: 


ADENOCARCINOMA OF THI 
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than the classification 


ingt in his widely quoted text Is 


advocated by Ew 
sup 
ported by present day observations and re 
Lung epithelium 
gland epithelium have 

change under various pathological condi 
tions from cell 
addition, and probably more convincing to 


search and bronehial 


been shown to 


one type to another. In 
the pathologist, there is a pleomorphism 
exhibited by even solitary neoplastic pul 
monary growths in which glands or differ 
ent types of epithelial struetures or both 
To explain the inclusion 
must 


exist side by side 


of these variable components, one 


be 


of their 


Ewing thought most epithelial lung tumors 
identified in to their origin on the basi 


morphology His classification asseciated individual tu 


mors with a specific cell of origin in either mucous 


glands of the bronchi, cells lining the bronchi, or the 


epithelium which lines the pulmonary alveoli 


Fig. 28—Metastasis of an adenocarcinoma of the uterus. Note the tumor (arrow) plugging a 
thin-walled vessel near a bronchiole. Lung (bovine case D 2973). Hematoxylin-eosin. x 85. 
Fig. 29—Lung metastasis of an adenocarcinoma of the uterus. The central spaces of neoplastic 


glandlike structures contain partially necrotic cellular debris. 
Hematoxylin-eosin. 


Lung (bovine case D 2973). 
x 165. 
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either acknowledge multiple cells of origin 
for the growth or assume that there are 
neoplastic transformations of a single cell 
of origin. Finally, the origin of epithelial 
lung components from similar embryologi 
cal cells seems to justify the abandonment 
of the older terminology except in’ in 
stances where the names have descriptive 
value. 
In our cases of primary lung tumors 
(table 5), we had eight of the multiple- 
focal group and one of the primary-focal 
group. In the group of bovine lung 
tumors reviewed by Monlux, only 26 of the 
32 were sufficiently described to be given a 
group designation: 14, or over half, were 
of the multiple-foeal group, 11 of the pri 
mary-foeal group, and one of the diffuse 
infiltrating group. These statistics would 
seem to indicate that some primary-focal 
lung tumors were being overlooked in our 
survey. While this may be true, it was of 
interest that seven of the 11 cases in the 
primary-focal group in the Monlux '* re- 
view had been reported before the year 
1912, and six of these by Trotter who diag 
nosed round cell carcinoma frequently 
. and, in describing them, gave excellent de- 
Fig. 30—Metastasis of an adenocarcinoma of the = seriptions of malignant lymphomas. 
uterus. An unencapsulated growth invading tissues Among the recent investigators, Sjolte * 


adjacent to a large bronchiole. Lung (bovine case . ; 
D 2031). Hematoxylin-eosin. x 266. reported a total of seven primary lung tu- 


Fig. 31—Metastasis of an 
adenocarcinoma of the 
uterus. A thickly encap 
sulated lung lesion. A 
gross picture of a larger, 
encapsulated lung metas 
tasis from this same ani- 
mal is shown in figure 23. 
Lung (bovine case D 
2031). Hematoxylin- 
eosin. x85. 
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mors and all were of the multiple-focal 
group. Buer? listed five primary lung tu 
mors with two being multiple-focal and 
three being primary-foeal. The broncho 
genic carcinoma of the epidermoid type re 
ported by and tsa in 1953 was 
not considered by us to be a primary lung 
tumor. The resemblance of the 
scribed to metastases of a carcinoma of the 
eye or its appendages, the metastatic char 
acter of the growths, and the examination 
of only thoracic viscera by the authors 
were the dDasis of our doubt in their conclu 
sions. Plummer’s recent description ** of 
two diagnosed as primary bovine 
lung tumors was brief, not illustrated, and 
difficult to evaluate the data 
presented, In our nine cases, four occurred 
in young animals and none of these had 
extrapulmonary metastases. Their appear 
ance and the multiple-focal distribution of 
lesions suggested a possible hamartial ori 
gin for each tumor 
Three of these four 
were of the columunar-cell type, 


Savaye 


lesions cde 


CHSOS 


on basis of 


lung tumors, which 
would be 


Fig. 32—Metastasis of an adenocarcinoma of the uterus. 
Sometimes, 
Note the necrotic area in this growth adjacent to the persisting bronchiole. 
Hematoxylin-eosin. 


debris within glands in many of our cases. 
necrotic. 
(bovine case D 2691). 


Fig. 33—Metastacis of an adenocarcinoma of the uterus. 
chiole can be seen adjacent to the unencapsulated border of the tumor, 
Hematoxylin-eosin. 


D 2031). 
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excellent examples of a tumor of peribron 
chial glands under the Ewing terminology 
The 3 animals, 2 heifers and 1 steer, were 
in apparent good condition and 2 years of 
age at the time of slaughter. The lesions 
were found in all lobes of the lungs and 
were remarkably similar in gross appear 
ance (fig. 36, 37 When sections were 
made of the multiple tumors, the micro 
scople pattern of growth was almost iden 
tical and quite distinetive (fig, 38, 39, 40, 
41). A markedly papillary type of growth 
was found in all of the larger ( fig 
38, 40) with the epithelium varying from 
a columnar cell to a distinetly stratified 
variety (fig. 39 Instead of evidence of 
metastatic spread of the tumor, small, non 
encapsulated growths (fig. 41) were 
distinctly separated from the larger tu 
mors. Only a cuboidal or low columnar 
epithelium in these smaller 
growths and this epithelium suggested an 
earlier and benign stage of growth 
rather than Their appearance 
helped to confirm our suspicions that the 


lesions 


seen 


Was seen 


more 


metastases 


Necrotic changes are not limited to 
large areas of the tumors become 
Lung 
x 165. 

Lung parenchyma including a bron 
Lung (bovine case 
x85 
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growths in each lung were multicentrie in 
origin and possibly a result of a neoplastic 
change in a developmental defect (a ham- 
artoma). The lack of evidence of malig 
nancy, as already stated, and the finding 
of three cases without metastases were the 
basis for our present designation as 
adenomas. 

Our fourth case in a young animal was 
a 2-year-old female which had multiple le- 
sions in all lobes of the lungs. There was 
a remarkable degree of consistency in the 
microscopic appearance of 
(fig. 45). The tumor cells were of a uni 
form columnar-cell type. 

In cow D977, a primary tumor of the 
lung and its satellite growths were con 
fined to a single apical lobe (fig. 42, 43, 
44). This animal was an &-year-old female 
and the tumor was our only example of a 
carcinoma of the primary-foeal group. tn 
both the lung and in its bronchial and 
mediastinal lymph the 
columnar-cell and undifferentiated-cell 


these lesions 


node metastases, 


components of this mixed-cell tumor were 
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recognized. The undifferentiated-cell type 
of lung tumor probably varies more in ap- 
pearance than other types of lung tumors 
(fig. 46, 47, and 4% illustrate two distinet 
patterns of growth encountered in’ this 
study). We had no tumors of the squa 
mous-cell type in our series (table 5) and 
it is of interest that Buer* reported all of 
his five cases to be of a columnar-cell type. 
Sjolte deseribed two squamous-cell, one 
columnar-cell, and four undifferentiated 
cell type of tumors in his report of seven 
CHSOS 
DISCUSSION 

It is unfortunate that clinical 
tions could not have been made on the ani 
mals afflicted with uterine carcinoma in 
In the available reports of bo 
vine adenocarcinoma of the uterus pub 
lished during the last 30 years, we could 
find records of clinical examinations on 1 
animal with a possible uterine carcinoma 
observed by Udall, Fincher, and Cushing, 
] reported by Ball and Boudet,’ and 4 in 
eluded in Ottosen’s series 


observa 


our series. 


of CASES 


Fig. 34—Metastasis of an adenocarcinoma of the uterus. Note the cuboidal tumor cells lining 
neoplastic glandular structures and the tendency of their nuclei to assume a basal position. 
Lung (bovine case D 2662). Hematoxylin-eosin. x 165. 


Fig. 35—Metastasis of an adenocarcinoma of the uterus. 


The giant cell (arrow) and the 


chronic inflammatory cells suggest a granulomatous reaction in which the tumor was actively 
participating. Lung (bovine case D 2662). Hematoxylin-eosin. x 165. 
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The meager information on these animals 
would suggest that sterility was not always 
associated with the disease.'. In other in 
stances, *'** sterility was recognized only 
a few months before it became obvious that 
the animal was in the terminal stages of a 
fatal neoplastic illness. We have made 
limited examinations of nontumefied ova- 
ries and the intact portions of the endo- 
metrium in available cases and have recog 
nized no significant anatomical deviations 
from normal eyclical changes. 

In many well-documented cases of ade 
nocarcinoma of the uterus in women, there 
is a coincidental or direct relation of the 
endocrine imbalance and par 
ticularly to excessive estrogen stimula 
tion. Among the findings listed in re 
ports!) as present concurrently with 


disease to 


or preceding adenocarcinoma of the human 
uterus were endometrial lesions producing 
symptoms of disease varying from endo 
metrial hyperplasia to carcinoma im situ 
and ovaries with 


large, smooth-surfaced 


the lung 


Fig. 36—Cut surface of an adenoma of 
of a 2-year-old Hereford f-male, case D 1241. 
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fibrosis and subcortical follicular 
cysts, A history of previous estrogen ad 
ministration, particularly to patients in 
the menopause, and a nulliparous sexual 
background was noted many of 
these human cases. Perhaps it is as well 
that similar clinical phenomena do not de 
velop frequently in the cow since, in some 
medical findings human 
cases are regarded to be as misleading as 
they are helpful until a final diagnosis ts 
made. These investigators point out that 
there may be evidence of estrogen imbal 
anee in many non-neoplastic 
We have found no 
cell or other ovarian tumors in our series 
of bovine uterine carcinomas and find none 
reported in the literature. This association 
is present in some human cases and again 
is Sugyvested in publications to be 
related to endocrine imbalance. In the 
cases of bovine granulosa-cell tumor of the 
ovary examined at the Denver laboratory, 
an appreciable) endometrial hyperplasia 
was seen in less than half of the uteri 
the hyperplastic 
endometrial 


cortical 


also in 


circles, such 


conditions 


associated granulosa 


recent 


Kew 
cysts were present oan 
the 
sWiss-cheese pattern was not observed, Me 
Enter 
tive diseases has observed endometrial hy 
perplasia only in with 


ovaries and granulosa-cell tumors. He 


glands in lesions and a 


in his studies on bovine reprodie 


some COWS evatic 


also 


Fig. 37—Cut surface of an adenoma of the lung 
of a 2-year-old Hereford steer, case D 2155. 


a 
2 
5 
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reports that the hyperplasia was not as 
pronounced as that which often occurs in 
human and 


Canine 


Fig. 39—Adenoma of the lung. Higher power of 

a papillary-type growth similar to the one shown 

in figure 38. This field was chosen to show the 

stratified character of portions of the epithelium. 

The gross appearance of this tumor is shown in 

figure 37. Lung (bovine case D 2155). Hematox- 
ylin-eosin. x 266. 


Fig. 38—Adenoma of the 
lung (columnar-cell type). 
Note the columnar or 
stratified appearance of 
the epithelium and the 
frondlike papillary man- 
ner of growth of this neo- 
plasm. A gross picture of 
this tumor is shown in 
figure 36. Lung (bovine 
case D 1241). Hematoxy- 
lin-eosin. x 150. 
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It is doubtful if any observations in eat- 
tle except advancing age, sterility, physical 
disability, discovery of suspi- 
cious lesions or exudates on physical exam 
ination could be helpful in leading to a 
correlated with a diagnosis 
of adenocarcinoma of the uterus at nee- 
ropsy. Many of the present diagnostic 
methods employed in detecting early hu 
man carcinomas of the uterus would seem 
to have only a limited application in bo 
vine 


illness, or 


diagnosis or be 


CASTS 

Even the most accurate statisties “’ on 
the occurrence of fatal cases of uterine tu 
mors in women can be somewhat mislead 
ing. Besides errors in diagnosis and. re- 
porting, there is approximate 
halving in numbers of all tumors of the 
venital tract unless the statistics of each 
sex are reported separately Willis points 
out that carcinomas of the uterus, stomach, 
aud breast are believed to be the most com 
mon cause of death from cancer in women. 
Cattle husbandry practices result in a sex 
predominance of females when the animals 
are older and in what might be called ‘the 
cancer age.’’ Finally, if we accept that 
there is ample precedence in human sta 
tistics to say that a high incidence of uter 
ine tumors in cattle would not be unusual 
from a comparative standpoint, we should 
mention the relative infrequent oecurrence 


also an 


< 


Fig. 42—-Adenocarcinoma of the lung. A field of 
a 4 oft : a mixed-cell type of lung tumor in which columnar 
Pore = cell lined spaces predominate. Lung (bovine case 
D677). Hematoxylin-eosin. x 85. 


Fig. 40—Adenoma of the lung. An encapsulated 
border of a tumor similar in appearance to the 


growth shown in figure 38. Lung (bovine case D 
2155). Hematoxylin-eosin. x 50. 


> 
F Ad f the lung. A small ~ eae 
ig. 41—Adenoma of the lung. small nonencap- ve % : 
sulated tumor characterized by a low 
epithelium. Many similar growths were found in Fig. 43—Adenocarcinoma of the lung. A field of 
the parenchyma of the lung between larger tumors. the same mixed-cell type of lung tumor shown in 
The appearance of the larger tumors is illustrated figure 42 in which the undifferentiated-cell type 
in figures 38, 39. and 40. Lung (bovine case D predominates. Lung (bovine case D977). Hema- 
2155). Hematoxylin-eosin. x 85. toxylin-eosin. x 85. 
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of epidermoid and adenocarcinoma of the 
cervix in cattle. In women, they represent 
at least half of the tumors usually statisti- 
cally listed as uterine carcinomas. Table 2 
lists single cases of squamous cell caric- 
noma and adenocarcinoma of the cervix 
which are the only cervical carcinomas 
found at this laboratory. Because of their 
rarity we have not discussed them except 
to briefly point out their similarities to 
uterine carcinomas. A metastatic lesion in 
the lung of a squamous cell carcinoma of 
the cervix (fig. 49) had a pattern of me- 
tastasis which mimicked our cases of ade 
nocarcinoma of the uterus. 

While adrenal and Schwann’s cell tu 
mors have a considerably higher occur 
rence than uterine adenocarcinomas in the 
cow, there is no comparison in regard to 
between the three tumors. 


loss 


Metastases in these first two tumors rarely 
occur; when they are found in slaughtered 
animals, there are usually no important 
secondary 


lesions of disease unless the 
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growths have reached an extremely large 
size and produced extensive distortion of 
adjacent tissues. Subsequent investigations 
may bear out our contention that the ade- 
nocarcinomas of the uterus rank only be- 
hind the squamous cell carcinomas of the 
eye and its appendages and the lymphoid 
tumors in causing economic loss to the cat- 
tle industry. Carcinoma of the uterus 
should be taken out of the large group of 
bovine neoplasms regarded by so many as 
academic oddities because of their benign 
behavior or infrequent This 
tumor will be detected more often in rou- 
tine examinations when there is an aware 
ness that it represents an important neo- 
plastic disease of the cow. Important ad- 
vancements have been made in the detec 
tion and knowledge of the behavior of 
lymphoid tumors and carcinomas of the 
eye and its appendages in cattle. It is well 
established that suecessful treatment of the 
eye tumors can often be instituted if they 
are detected in the early stages of their 


occurrence 


Fig. 44—Metastasis of an adenocarcinoma of the lung. Lymph node metastasis of the mixed- 

cell type of lung tumor shown in figures 42 and 43, in which both the columnar-cell type and 

undifferentiated-cell type are seen. Mediastinal lymph node (bovine case D 977). Hematoxylin- 
eosin, x 165. 


Fig. 45—Adenocarcinoma of the lung. A columnar-cell type of lung tumor. 
Hematoxylin-eosin. x 165. 


case D 389). 
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growth. However, uterine carcinomas 
would probably warrant almost as guarded 
4 prognosis as is now given for lymphoid 
tumors. Some of the small primary uter- 
ine lesions have had extensive metastases. 
The resulting value of a sterile and usually 
old animal would be a deterrent to any 
radical surgical procedure, 

In recent years, European  investiga- 
tors?" began the study of primary 
lung tumors and other metastatic adeno 
carcinomas of the lung in cattle because 
these lesions were being confused with tu- 
They reported the predomi- 
nance of a large group of metastatic pul 
monary carcinomas which were similar in 
appearance to known uterine tumors and 
were usually grouped together as scirrhous 
adenocarcinomas. Kuropean pathologists 
soon suspected that most of these tumors 
actually had their primary in the 
uterus. Our conviction regarding the ori 
vin of similar metastatic adenocarcinomas 
is apparently in complete agreement with 
these European observations. 

An attempt has been made in this article 
to show how primary epithelial tumors of 
the bovine lung differ from pulmonary me 
tastases of bovine uterine carcinomas. We 
chose to limit our differential illustrations 
to the group of primary lung timors and 
to emphasize how the primary site or an 
indication of the primary site of a meta 
static carcinoma is usually evident in the 


bereulosis 


site 
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Fig. 47 — Adenocarcinoma of the lung. Higher 
power of another field of the same section of lung 
shown in figure 46. Note the mitotic figure (ar- 
row) and the uneven distribution of chromatin in 
many of the nuclei. Lung (bovine case D 2761). 

Hematoxylin-eosin. x 500. 
findings of a complete necropsy. The gross 
appearance of an individtial metastatic le 
sion of some of the other bovine carcinomas 
metastasize to the lungs, lymph 
(particularly 
fibrotic 


which 


nodes, or peritonetm those 


lesions which are quite can be 


Fig. 46—Adenocarcinoma 
of the lung (undifferen- 
tiated-cell type). Groups 
of tumor cells are sup- 
ported by remnants of 
the alveolar walls. Lung 
(bovine case D 2761). 
Hematoxylin-eosin. x 165. 
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bes, 


This anaplastic neoplasm 


had metastasized to the bronchial, mediastinal, axillary, retropharyngeal, and the cervical chain 


of lymph nodes. 


centers (epithelial pearls). 


confused with metastases of a bovine uter- 
ine carcinoma by even the most experi- 
enced investigator, Too often the examina 
tion of these metastatic suggest 
only possible anatomic sites of origin. As 
an example, we see cases of squamous cell 
carcinoma of the eye or its appendages 
with pulmonary metastases. These metas 
tases in the lung are often similar in their 
gross appearance to pulmonary lesions of 
metastatic uterine carcinomas. Fortu 
nately, the microscopic appearance of these 
eye tumors differentiate them from metas 
tases of an adenocarcinoma of the uterus. 
Like other metastatic carcinomas, reason 
ably complete necropsy findings the 
metastatic squamous cell carcinoma of the 
eye are helpful in’ differential diagnosis. 
The eye lesions (unless previously removed 
surgically), the massive parotid lymph 
node and the enlargement and 
tumefaction of the mandibular, pharyn- 
geal, atlantal, and cervical lymph 
can usually be found if there is a pulmo 
nary metastasis, In addition, the metasta- 
ses to the abdominal lymph nodes and or- 
gans are usually minimal or absent. 
Dobberstein’s observation * in regard to 
the greater frequency of uterine carcino- 
mas in cattle and rabbits than in other 


lesions 


metastases, 


nodes 


Lung (bovine case D 2558). 
Fig. 49—Lung metastasis of a squamous cell carcinoma of the cervix. 
Lung (bovine case D 1743). 


Hematoxylin-eosin. x 165. 
Note the small cornified 
x 85. 


Hematoxylin-eosin. 
indication of 
shown 

C'on- 


domesticated animals, is an 
the interest that is beginning to be 
in the recognition of the bovine cases. 
tributing factors such and en- 
vironment have not been associated with a 
higher occurrence of bovine uterine carei- 
nomas. Reports suggest that such factors 
do contribute to a higher incidence of eye, 
skin, liver, and fore-stomach tumors in 
cattle in regional locales in the world. As 
the references quoted in this paper indi 
cate, investigators from many nations, and 
undoubtedly dealing with a variety of 
breeds of cattle, have reported uterine car 
cinomas. Our finding of uterine carcinomas 
in Herefords in all but one of the 
where breed was recorded is of interest but 
higher incidence in this 
the majority of the cows 
Hereford breed 


as breed 


CHASES 


does not prove a 
breed. In Denver, 
slaughtered are of the 

SUMMARY 
was made of 26 cases of adeno 
uterus in cows in which 


A study 
carcinoma of the 
the diagnosis was confirmed by 
examination of 
uterine 


vross and 
microscopic TISSUeCS 

Twenty-two of the 
had recorded lung 
lymph node metastases, 
toneal 


carcinomas 
metastases, 21 had 
14 had peri- 
gland-like 


and 


metastases, consistent 


72 


Ver. Ree 
1956 


ADENOCARCINOMA OF 
JANUARY 


pattern of growth and secondary sclerotic 
changes appeared to be very characteristic 
microscopic features of this tumor 
Sixty-two cases of metastatic adenocar 
cinomas in cows, represented by at least 
lung metastases and regarded as probable 
uterine carcinomas, were compared by the 
authors with uterine The 
available metastatic lung, peritoneal, and 
Ivinph node lesions in these 62 
indistinguishable from metastatic 
of known uterine carcinomas. The presence 
of a primary tumor of the uterus could not 
be established definitely for any of these 


The case records of 


eases were 


lesions 


metastatic carcinomas 
most of the 62 cows were incomplete be 
a critical examination of the 
not unsatisfac 


cause either 


uterus had been made or 


tory tissue specimens had been forwarded 


Future inves 
of 


for laboratory examination 
the primary 
metastatic carcinomas should prove 
uterine carcinoma to be one of the 
common of the metastatic bovine 


similar 
the 
most 


tigations ef sites 


care) 
homas. 

Since bovine carcinomas are 
apt to with primary 
nomas of the lung, the difference in ap 
pearance and behavior of nine primary 
bovine lung tumors was also discussed and 
illustrated 


metastatic 


be confused cares 
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Experimental Microsporum Canis Infections in Kittens 


GERBERT REBELL; H. F. TIMMONS, M.S.; JOHN H. LAMB, M.D.; 
PAUL K. HICKS, B.S.; FRED GROVES, B.S.; ROBERT E. COALSON, Ph.D. 


Oklahoma City, Oklahoma 


Tue occurkence of Microsporum 
Bodin ringworm in cats and dogs is of in- 
terest to veterinarians and medical practi- 
tioners alike.' 

This fungus, also known in the literature under 
Vi 


Microsporum 


the names Microsporum caninum Sabouraud 


crosporum felineum Mewhorn, and 


lanosum Sabouraud, is over the 
the United States the 


tinen capitis in children. 


greater part of 


most common enuse of 
When cases in children 
oecur there is usually a clear history of an initial 
infected kitten or puppy. What 


to do about the infeeted pet then becomes a prob 


contaet with an 


lem. Where expensive pedigreed animals are in 
volved, the problem may 
economically, Dr, L. K 


Center 


some importance 
Georg, of the Communies 
United States 
Public Health Serviee, Chamblee, Ga., has recently 
brought to the 


ble Disease Laboratories, 


writers’ attention one instance in 


Whieh examination under ultraviolet light dis 


closed 


canis infection widespread and appar 


chronie among the cats of one 
Wider use of 


doubtless add more examples of the same 


pedigreed 
breeder this diagnostic tool would 
kind 
Kor these reasons, the writers are led to 
believe that a deseription of the natural 
course of M. canis infections in kittens, ob 
served under laboratory conditions, might 


have general usefulness at this time 


The observations reported here were made dur 
ing studies of antimycotic agents in the treatment 
of ringworm, Primarily, the animals used in this 


report are the untreated controls of these experi 


ments together with animals sequiring accidental 
with lnborators The 
failure of ngents in ring 


doubtless have justified larg men 


infeetion canis in the 


universal therapeutie 
worn would 
treated animals as well 
Litters of kittens, 4 to 6 


tained private 


tion of 
weeks old, were ob 


from owners by placing an adver 


tisement in the newspaper, Only animals whieh 


t Department Dermatolo and philology 


sacteriology, Universit f Oklahoma 
Oklahoma City 


Department of 
Medicine 
rhi nvesti 


School of 


ation wa ipported inp part b “a grant 


ston Laboratorie In Norwich and in 

a research grant PHS B502-C) from the Na 
tional Microbiological Inatitute National Institutes of 
Health, Public Health Service Hethesda, Mad 
tor space and animal quarters were mace 
the Oklahoma Medical 
(its \ portion of the 
rend before the 


Labora 
available b 
Research Foundation, Oklahoma 
material was included in a paper 
Southwestern Section of the Society for 
Medicine, Nov. 6, 1954 


Experimental Biology and 


After 
with 5 per cent 


appeared healthy were aceepted. they were 


received, the kittens were dusted 
rotenone powder to eliminate fleas, regularly ex 
amined and treated for ear mites, using ether and 
rotenone in screened 


5 per cent peanut oil, and 


under ultraviolet light for pre-existing M. canis 
occasional outbreaks of con 
treated with 1 
The 


cages, 2 to 5 per enge, 


infection. There were 


junctivitis which were effectively 


per cent aureomyein ophthalmie ointment. 
kittens were housed in wire 
bedding and, for elimi 
They 
(Hill’s Packing Co, 
milk, ad 
fresh 
whiting, and eod liver oil. All kittens re 
healthy, 


rapidly 


provided with newspaper 


nation, sawdust-filled pans were fed fresh 


frozen ground horsemeat 


and evaporated and powdered libitum, 


supplemented twiee weekly with pork liver, 
frozen 
mained content, playful, and gained 


weight during the course of the experi 
ment. 

Five kittens were inoculated with the dermato 
pliytes MV. canis and Trichophyton mentagrophytes 
form) by 


(granular plucking and abrading 4.0-sq. 


mm. areas of skin, and rubbing O.2-sq. mm. bits 
of agar culture mats of the fungi into the lesions 
with 7. 
1A3, was made on the right side, and an inocula 
VW. canis, strain 2A4, on the left side of 
ench kitten, kittens 
with M sites on 


hody by 


An inoculation mentagrophytes, strain 
tion with 

inoculated 
side of the 
that the sites 
were not searified, and the inoculums consisted of 
kitten 


Seventeen were 


canis at two each 
the same procedure exeept 
from a 


2A4 


was recorded by (1 


hairs obtained 
with 


fluorescent infected 


previously inoculated strain 
The progress of the disense 
width of the 


recording the 


measuring the dingonal lesions at 


frequent intervals, proportion 


of fluorescent hairs observed under ultraviolet 
plucked hairs and seales 


were 


light, and (3) culturing 


on Sabouraud’s dextrose agar slants 


mal tests for cutaneous sensitivity 
after 
nmounts of 1:100 and 10 «hilutions of commer 


from M 


mentagrophytes, 


infection was well established, using O.1-ml 


cial trichophyton as well as of 
strain 2A4, and 7 
LAS, prepared by the 


antigens 


CANIS, strain 


following methods a 


grinding the acetone washed culture mat and elut 


ing it quantitatively with propylene glycol, and 


(b concentrating the culture filtrate in) sausage 


easing with an air fan at 10. until the point of 


preeipitation was reached Observation of the le 


sions was facilitated by clipping the hair from 


the sides of each eat with eleetrie clippers and ob 
servation of the intradermal tests by shaving the 
test arens, 

Twenty months old, 


male albino guinea pigs, 
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MicrosroruM CANIS 
WV. canis culture, strain 2A4, 
TAS, me 
sdleseribed for the 


inoculated with 
and 7 
cording to the 


kittens but 


were 
mentagrophytes eultures, strain 
procedure first 


group of one vyenr prior to this ex 


30 


Lesions on 
Kittens 
——  M cans 
T mentagrophytes 


Days After Inoculation im mm 


10 20 » 40 
Size of Lesion 


Graph 1—Average development of lesions of Micro- 

sporum canis and Trichophyton mentagrophytes in 

guinea pigs and in kittens in the absence of typical 
invasion of the hair by M. canis. 


Wiis re 


that 


periment The 
corded bey the 


test 


progress of the 


techniques deseribed exeept 


areas were plucked rather than elipped 

contamination of the air 
kittens other 
into the experiment 
with M. canis All kittens, 


infeeted and noninfected, were housed in the 


Because of a high 
with 


Visible spores, new ane suscep 


brought 
infected 


room 


identical! conditions, in eages side by 
kittens and 10 


this 


under 
miele \ total of 17 
weidenth infeeted in 


room, 
puppies were 
manner prior to ¢ 


perimental inoculation 


EXPERIMENTAL ResuLTs 


of the 28 kittens infected with 
material from slant cultures 
fluorescent hairs observed in the lesions de 
veloping at the sites of inoculation with VW 
strain ZA4 
hair from 
other respects appeared to be typical, re 
minimal of the 
Occasional hyphae and 


In 


agar were 


COMMAS, Microscopic examina 


tion ot these lesions, which 


vealed that only INVASION 
hair occurred 
arthrospores were seen but no sheath of ar 
throspores on the surface of the hair. In 
the lesions resulting from inoculation with 
1A3, it 


parasitism of 


T. mentagrophytes, strain Was 
found that afluorescent the 
hair, typical of this fungus, had occurred 
with the production of arthrospores in 
ectothrix chains. The development and 
course of the lesions in this group of kit 
tens and in guinea pigs included for com 


INFECTION IN 


KITTENS 


parison is shown (graph 1). The lesions 
of both M strain 2ZA4, and 7 
fagrophytes in kittens were observed to 
through the following three 
stages: (1) a latent period, lasting about 
four days after inoculation, before the ap 
pearance of a developing spot of erythema, 
induration, and signaling the 
take’ of the infection, (2) a period of 
rapid growth of the lesion, continuing un 
til about the twenty-eighth day after inoc 
ulation, and (3) the regression of the le 
sion and disappearance of viable fungi 
(table 1), requiring about ten days longer 
Cutaneous sensitivity could not be demon 
strated by The the 
guinea pigs followed essentially the same 
pattern as those on the kittens (see also 
DeLamater and Benham with the fol 
lowing exceptions: (a) the stage of active 
development of the lesions lasted about 15 
days instead of 28 days, (b) the 
the development of 
demonstrable cutaneous sensitivity to tri 
chophytin and comparable antigen prepa 
fungus 
the infections elicited a more 
Hair in 
the 
pro 


Cans, men 


progress 


sealing, 


skin tests lesions on 


lesions 


were accompanied by 


rations from the specific strains 
used, and (¢ 
marked inflammatory 


Vasion 


respotise 
fluorescence occurred In 
the 

cans appeared to be some 
than pro 
mentagrophytes, whereas in 


and 
case of the 
duced by 
What more inflammatory 
duced by i 
the case of the kittens the reverse was triv 
The lesions of WM this group of 
kittens and in all of a total of 76 infected 
kittens, treated untreated, 
during the 


pigs lestons 


those 


canis wi 


and observed 


course of these studies were 


TABLE 1—Record of Cultures of Trichophobu 

Lesions of Microsporum Canis, Strain 2A4, and 

Typical Lesions of Trichophyton Mentagrophytes 
Inoculated Simultaneously in Kittens 


I 1 
I ‘ 


M. 


x contaminated 


mentagrophytes ob 


cultures ne fungu ob 


. 
a 
‘ 
4 
fy 
j 
= 
Be 
M M M M M 0 
! 1 
#4 
Ae 
; 


76 


essentially noninflammatory in type, 
only a slight inflammatory reaction con 
sisting of erythema, slight) induration, 
light sealing, and occasionally slight crust 
ing was produced 


” 60 90 120 
Days After Inoculation 


Graph 2—Average development of lesions of Micro- 
sporum canis in kittens in the case of typical 
invasion of the hair. 


In all of the 17 kittens inoculated with 
hairs infected with WM. canis, the hair fluo 
resced abundantly in the developing le 
sions. Microscopie examination of fluores 
cent hairs revealed the ectothrix spores of 
the fungus in large numbers. The devel 
opment and the lesions in this 
group of kittens (graph 2) for the first 25 
days after inoculation, followed a course 
substantially the same as that deseribed in 
the previous experiment.  Tlowever, the 
twenty-eighth day of infection was not fol- 
lowed by relatively prompt resolution of 
the lesions. Instead the lesions tended to 
increase slowly in size, while at the same 
time the fluorescent hairs tended to thin 
out. It was not until five months after in- 
fection that final resolution of the infec 
tions was definitely in’ view and at six 
months there remained only a few fluores 
cent hairs on a few cats 


course of 


im. J. Ver. Kees 
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The accidental infection of kittens in the 
laboratory provided an interesting 
parison with the experimental infections 
under study. The accidental infections of 


previously uninfected kittens most often 


occurred on the feet, nose, and ears, per 
haps because of the rubbing to which these 
members were subject during the kittens’ 
normal activity and because the short hair 
of these parts permitted the infecting 
spores to reach the skin more easily. All 
of the 17 kittens accidentally infected prior 
to experimental infection developed the 
primary the feet 
On the other hand, none of the 76 experi 
mentally infected kittens, treated and un 
treated, developed satellite or accidental 
infections on the feet. al 
though numerous secondary lesions devel 
oped on the areas of skin regularly clipped, 
particularly at the sites of slight abrasions 
produced by the clippers. As in the ease 
of the kittens in which the primary lesions 
followed experimental inoculation, the pri 
mary lesions of kittens accidentally inocu 
lated developed a size of several centi 
meters. Similarly, subsequent lesions, both 
accidental aml experimental, failed to at 
tain large size. 

No allergie reaction obtained by 
skin testing either the experimentally in- 
oculated kittens or 7 yvellow-haired, fair- 
skinned kittens in the group whieh ac 
quired accidental laboratory infeetion. 
However, the rather sudden and appar 
ently lasting reversal of the course of the 
about the twenty-eighth day 
after inoculation suggested that some sort 
In each 


lesions on nose, ears, or 


hose, ears, or 


Was 


lesions on 


of cutaneous immunity developed 
primary 
inoculation, 


instance after the lesion 


tablished, 


Was es 
subsequent either 
experimental or accidental, any place on 
the skin failed 


large lesions. Such secondary lesions rarely 


surface to develop mito 


exceeded 1 em. in diameter, tended to be 


CAT 4 


28 OAYS 26 SAY 


TIME 


Graph 3—Development of simultaneous lesions of Microsporum canis ( 


26 DAYS 26 28 DAYS 


) and Trichophyton 


mentagrophytes (----) on individual kittens, showing the tendency to similarity of response. 
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MicrosvortmM Canis INFECTION IN 


KITTENS 


LITTER 1 LITTER 2 


LITTER S 


26 Dars 


TIME 


28 OAS 
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Graph 4—Development of lesions of Microsporum canis on individual kittens in separate litters, 
showing tendency of similarity of response within each litter. 


oval in shape, following the fold lines of 
the skin, exhibited fluorescent hair, and 
were rather more markedly indurated than 
the primary lesion. Sealing and crusting 
of the lesions was most evident for a few 
days near the climax at the twenty-eighth 
day of the infections 

Multiple lesions both of the same and of 
different same kitten fol 
lowed a pattern of development distinet 
for each individual animal (graph 3), a 
situation that seems to be explicable only 
by postulating physiological factors, capa 
ble of subtle changes, which influence the 
growth of the parasite on the skin. The 


species on the 


kittens in certain of the litters responded 


in a rather uniform fashion to experimen 
tal infection, indicating possibly inherited 
differences in host response (graph 4 

Ten hound dog puppies, 2 months old 
housed in the experiment room, developed 
lesions of M. canis promptly However. in 
contrast to the lesions observed on the kit 
tens, those on the dogs were indurated and 
erusted and, in two instances, developed 
into typical kerions. The lesions were acute 
and of less than a month duration. Skin 
were not Ilowever, dogs are 
known to react to antigens of this kind 


tests 


DISCUSSION 


The striking contrast between the time 
required for the resolution of M 
fections produced by inocultums of infected 
hair and that for the resolution of 
tions produced by a laboratory culture of 
2A4 


first case, which is presumably an example 


canis wnt 
infec 


VW. canis, strain suggests that im the 
of the usual disease, regression of infeetion 
following the period of rapid 
growth was prevented by the persistence 
of viable 
station. its 


25-day 


which 
previously 


fungi in the hair, from 


vradual spread to 


hair still The 
chronicity of M. canis infections in the eat 
may depend, therefore, on the rate of in 
volvement of new hairs relative to the rate 
of loss of previously infected hair, during 
this prolonged regression stage. It 
sible that the loss of infeeted hairs may be 
accomplished primarily by normal shed 
ding. However, in the later stages of the 
infections hairs found 
Which fluoreseed only at the tips. Appar 
ently these ceased to be infeeted while still 
vyrowing ww situ 

Failure of the 2A4 culture of M 
to parasitize the hair was attributed to at 
tenuation of the strain during its mainte 
nance mm vitro. This prestimiptive attenta 


ininfected Wis possible 


Is pros 


observed, were 


Caitis 


tion was not associated with any observed 
changes in the morphology of the culture 
However, Georg has demonstrated a phe 
nomenon of this kind normally relating 
the downy and granular forms of 7 
Two of the kittens infeeted 
with 2ZA4 culture mat developed fluores 
cent lesions at sites apart from the sites of 
inoculation. It is not known whether these 
lesions originated from the 2ZA4 strain or 
from an overlooked 
They followed a chronie course, although 
the primary, nonufluorescent lesions disap 
peared soon after the twenty-eighth day 
Infected the fluorescent 
of 1 of these kittens served as the inoculum 
Which flue 
rescence Was regularly observed from the 


fagrophytes 


TOUS infect lon 


hair from 


for subsequent experiments, in 


onset of the lesions four days after inoeu 
10 eats 
experiments re 
well as of the YO 


included 


The identical inoculation of 
to the 


lation 
one 
ported here, as 
sing cul 
2A4 
resulted in typical fluorescence and 


chronie M 


Ww hich have been 


pis 


tures of the same fungi (strain and 


1A3 


in the kittens, canis infection 


= <= 
7 
— 
SIZE 
; 
| 
Sry 
| 
ee 
: 
re 
if 
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in the presence of lesions of 7. mentagro- 
phytes. \t does not seem probable, there- 
fore, that in the present instance the Tri- 
chophyton ijiesions established a dominant 
pattern of immunity, modifying the 2A4 
culture lesions as described. 

The chronie and relatively noninflamima 
tory character of M. canis infections in the 
cat may indicate that the fungus is specif- 
ically adapted to the cat as a host. In man, 
the zoophilie dermatophytes M. canis, 
mentagrophytes, and Trichophyton verru- 
cosum, tend to produce more inflammatory 
and transient infections than do the homo 
philic Microsporum audouwint, 
Trichophyton and Trichophy 
ton rubrum. The ability of the homophilic 
species to persist in a chronie state with- 
out producing an inflammatory reaction or 
marked cutaneous sensitivity may have 
survival value and be part of their adapta- 
tion to the special parasitism of man. The 
M. canis infections we have observed in 
kittens resemble M. audouimns infections in 
man more than they do the more inflamma 
tory infections usually produced man 
by canis 


species 
fonsurans, 


SUMMARY 
The 


dental laboratory 
Microsporus CONHIS 1S 


experimental and acei 


course of 
infection of cats with 
deseribed. The le 
sions were observed to develop about four 
days after inoculation, inerease rapidly in 
size for about 28 days and then enter a 
The chronicity of the 
lesion was found probably to be dependent 
on the persistence of the fungus pathogen 
in the hair. In the absence of hair inva 
sion, an atypical situation dependent on 
the use of an apparently attenuated strain 
of M. canis, resolution of the infection was 
found to occur about one month after in 
oculation. Hlowever, when hairs were in 


phase of regression 
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fected the infection observed to re- 
quire six months on the average to disap 
pear entirely, depending somewhat upon 
the individual cat and possibly upon the 
rate of loss of infected hairs through the 
agency of natural shedding. 

Once an initial infection was established 
(t.¢., had run a substantial part of its 2s- 
day-course of rapid growth 
test infections failed to develop into large 
lesions and the animal was relatively im 
mune to natural infection which occurred 
principally on the feet, and 
However, under these circumstances arti 
ficial inoculation was still possible and the 
infection was still spread by clipping the 
hair, with its attendant slight trauma to 
the skin. 

Infections of MW kittens 
observed to produce only minimal inflam 
matory which characteristicalls 
reached its peak near the twenty-eighth 
day climax. No skin test reaction was elic 
ited by trichophytin and antigen prepara 
tions from the fungus strains used, the po 
tency of which when 
tested on infected guinea pigs and on man 
The accidental infection of 10 hound dog 
puppies with WM. canis produced indurated 
and crusted lesions and in two instances a 
kerion. It is suggested that in view of the 
chronicity of infections and the minimal 
inflammatory response produced in 
that cats provide the major reservoir and 
probably the ‘‘natural’” host of the fungus 
in M. canis 
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Effects of the Glycemic Levels on Rumen Motility in the Sheep 
G. AUGUSTO VALLENAS P., D.V.M., M.S. 


Ithaca, New York, and Lima, Peru 


Evipence has been obtained to indicate 
that carbohydrate metabolism is in) some 
way correlated with gastrie motility in the 
animal with a simple stomach. 

sSulatao and Carlson’ in the dog, Mulinos~ in 
the dog, Quigley, Johuson, and Salomon” in the 
dog and in man, and many others, have reported 
that under certain conditions insulin hypoglyeemia 
is accompanied by an inerease in the gastric 
hunger contractions Sulatao and Carlson re 
ported that stomach motility in the dog could be 
depressed by the intravenous administration of 
strong glucose solutions, 

Products of carbohydrate breakdown in the ru 
men play an important role in intermediary ear 
bohydrate metabolism of ruminants, not only in 
the physiological state but also under pathological 
conditions. A question arose as to whether the 
variation in blood sugar level would affeet the 
rumen motility in sheep in the same way as in 
man and in dog. To elucidate the problem and in 
the hope that additional information might be 
gained concerning the physiological factors affeet 
ing rumen motility, these experiments were de 
vised and earried out. 

While the experiments were in progress, Le Bars 
al. reported that induced hyperglycemia exerts 
an inhibitory effeet on the rumen motility in sheep 
and that hypoglyeemia on the other hand elicits 
hypermotility. 

This work, therefore, deals with confirmation of 
the results obtained by the French authors, and 
also with additional data that are considered to 


be of interest 


MATERIAL AND 


Seven Western sheep, whieh included 5 males 
and 2 females, were employed in these experi 
ments, They varied in age from 1 to 3 years and 
in weight from 67 to 137 Ib. They were fed a 
standard ration consisting of hay and grain and 
water ad libitum. An effort was made to minimize 
environmental stress, and particularly exeitement, 
by placing another sheep in proximity to the ex 
perimental animal during the period in which the 
experiment Was in progress, 

A permanent closed rumen fistula was made in 
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all sheep by surgically placing a rumen cannula 
in the left paralumbar fossa region and allowing 
the wound to heal The rumen cannula-fistula 
was connected directly with a tambour (tig. 1 

A rubber stopper in the external opening of the 
cannula served to close the ruminoreticular eavitys 
and to connect the whole strueture to the rubber 
tubing- tambour system. The tambour was pro 
vided with a writing point which reeorded the 
wives of rumen contraction on a continuous feed 
ink-writing kymograph. In all instances, the time 
was recorded simultaneously.’ 

In view of the great variability of rumen mo 
tility in frequeney as well as in amplitude it 
normal sheep, a tracing was taken for a period 
of one to two hours before each injection in order 
to get a representative pueture of normal rumer 
motility Later, motility reeordings were mad 
during injections of physiological saline to de 
termine if the process of intravenous injection at 
fluenced rumen motility 

All solutions were administered intravenously 
In seme experimetts, the solution was infused by 
means Of a venoclysis continuous drip apparatu 
connected with a small-diameter polyethylene tube 
inserted in the left jugular vein 

Five milliliter samples ol | were drawt 
from the jugular vein prior to and following the 
various injections. A mixture of potassium oxa 
late and sodium fluoride was used s the anti 
coagulant. Blood glucose was determined with the 
method of Sehaffer and Somogyi The proceedure 
deseribed by Ros ind modified by Higashi and 
Peters wis adopted to determine the blood fruc 
tose level using the Somogyi filtrat foncomitant 
with the fruetose level determination, the glucose 
level was caleulated by first determining the tn 
hexose content in the Somogyi filtrat smd the 
subtracting the fructose level. 

To evaluate the changes of frequen y and 
plitude of rumen contractions associated with 
injection of glucose, insulin, or fructose, the fol 
lowing procedure wis adopted All the tracings 
composed of the premjection and postinjeection 
recordings were divided into 20-minute period 
the number of contractions in each period wa 
counted and considered as representing that 2 
minute period. As to the preinjection frequen 
of contraction, the mean ealeulated from severa 
‘minute periods was taken as representing the 
preinjection normal frequeney, The postinjection 
frequency value was obtained in the same manner 
In order to obtain the preinjeetion amplitude of 
contraction, the mean amplitude value of each 20 
minute period was averaged, and the value thur 


obtained was considered as representing the pre 
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injection normal amplitude. Similarly, the ampli 
tude value for each 20-minute period following the 
injection was obtained by taking a mean of ampli 
that These 
order to eliminate the 


tudes for were 
taken in 
spontancous changes being accepted as the action 
of a test. 

When «a method of counting the number 
coutractions on the 


weriod precautions 


possibility of 


substance under 


of ru 


men tracings was being de 


vised, the question arose as to whether all waves 


recorded represented major rumen contractions 


Every second, third, or fourth wave reeorded was 


smiiller than its predecessor and was usually asso 
slight diminution in the intrarumi 


ciated with a 


nal pressure, Each of these smaller waves gener 


ally with an eruetation and did not 


represent # major rumen contraction, The smaller 
waves were attributed, therefore, to events associ 


ated with 
counted mong the major rumen contractions The 


eructation and consequently were not 


number of rumen contractions counted was so 


large that it is 
these wave did not 


that the elimination of 
affect the 
obtained and 


believed 
materiaily signiii 


ennes the results conclusions 
drawn 


Kffect of the Intravenous Injection of 
Glucose on Rumen Motility 
were injected through the jugular 
with a 50 per cent solution of glucose, All 


Vell 


animals were again subjected to the same 


experiment after a week's interval, Tue 
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doses of glucose varied from 0.3 to 1.0 Gm. 
of glucose per kilogram of body weight 

A sheep that was injected with 0.3 Gm 
of glucose per kilogram of body weight 
showed no. significant change in umen 
motility. 

Another sheep was injected with 0.7 Gim 
of glucose per kilogram of body weight 
(graph 1). The amplitude and frequeney 
of rumen contractions diminished immedi 
ately after injection. The amplitude di 
minished to 75 per cent of the normal 
value 100 minutes after injection. The fre 
quency fluctuated, dropping to S4 per cent 
of the initial value 160 minutes after the 
injection. As the blood level re 
turned to normal, the motility gradualls 
became normal. 

Kach of 4 sheep received 1.0 Gm. of glu 
per kilogram of body weight. The 
characteristic results (graph 2) include a 
primary diminution of amplitude and fre 
quency of rumen motility after the 
glucose injection. This period was followed 


vlucose 


COSC 


SOOT 


by a slight increase in frequency as well as 


in amplitude, after which the frequeneys 
continued to decline until the contractions 
were no longer perceptible 100) minutes 
after injection, The diminution of ampli 
tude nearly paralleled that of frequency 


Fig. 1—Arrangement ot 
the apparatus for record 


ing rumen contractions. 


Rumen Mormirys 


After 120 minutes the frequency and the 
amplitude started to increase, while the 
blood glucose nearly reached its normal 
value. 

To summarize, small doses of glucose, 0.3 
to 0.7 Gm. per kilogram of body weight, 
produced only a slight effect on the ampli 
tude and little or no effect on the fre 
quency of rumen contractions. With a dose 
of 1.0 Gm., the effect in all sheep was a 
marked reduction in frequency as well as 
in amplitude of the contractions. The in 
tensity of this effect varied from one sheep 
to another and from one day to another, 
although the experimental conditions were 
maintained as constant as possible. There 
was a wide variation even in duplicate de 
terminations made in the same individual 
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After reaching the lowest level, usually 
100 to 140 minutes after tjeection, both 
amplitude and frequency began to rise and 
return to the normal level 220 to 240 min 
utes after the injection. This period co 
incided approximately with the fall of the 
glucose level to normal. 

Effect of the Intravenous Injection of 
Insulin on Rumen Motility Kive sheep 
were used to study the effect of induced 
hypoglycemia on rumen motility. All were 
used twice with a week between experi 
ments. The dose of insulin (iletin) in 
jected into the jugular vein was 1 unit per 
kilogram of body weight, the amount 
known to produce a maximum depression 
of blood glucose for ii desired period : The 
results (graph 3) show the characteristic 


Graph 1—Effect of glu 
cose injection, 0.7 Gm. 
per kilogram of body 
weight, on rumen motil- 
ity. 
N_ preinjection normal 
values of blood glucose 
as well as of frequency 
and amplitude of rumen 
contractions; O time 
of injection. 
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effects of induced hypoglycemia on rumen In general, insulin produced a transi- 
motility, an immediate diminishing after tory inhibitory effect on rumen contrac- 
insulin injection, then both the frequency tions immediately after the injection, 
and amplitude increased, until they were which was followed by an increase in fre 
above the normal level. Thus, 100 minutes  queney and amplitude, the maximum oc 
after injection the frequency had increased curring 100 to 160 minutes after the in 
over 50 per cent and the amplitude 15 per jection. An interesting observation Was 
cent above the normal level. After this that each of the sheep started to ruminate 
period, the amplitude gradually returned at this time, After this period, the motil 
to approximately the normal level, while ity resumed the normal pattern, as the 
the frequency, though declining, remained — glycemic level gradually returned to nor 
far above the normal level. mal. In most of the experimental animals 


Graph 2—Effect of glu- 
cose injection, 1 Gm. per 
kilogram of body weight, 


eam GLUCOSE on rumen motility. N 
preinjection normal val- 


I FREQUENCY ues of blood glucose as 
well as of frequency and 
§ AMPLITUDE amplitude of rumen con- 
tractions; O time of 
injection. 
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the return to a normal level of glycemia 
than 240 minutes. There 
constant relationship 


more 
appeared to be 
between the onset of hypoglycemia and of 
hvpermotility. Individual sheep differed 
in their respouse to insulin; the amplitude 
and frequeney did not always vary simul 
taneously; that is, slight 
plitude was, in some instances, accompan 


lherease ain 
ied by a greater increase in frequeney and 
graph 3). Certain sheep mani 
such trembling 
the hypoglycemic 


vice versa 
fested sVinptoms 
shivering, when 
level was reached 
Effect of the Injection of Glucose on Ru 
men Hypermotility Associated with Hypo 
Experiments were undertaken 


as and 


lowest 


MEN Movrinity IN 


THE 


to observe the effeet of whicose ou 
such hypermotility of the rumen. Follow 
ing the injection of insulin in a dose of 1 
unit per kilogram of body weight, a stimu 


latory effect on rumen motility ensued, as 


observed the experiment 
While this effect still maintained, a 
glucose solution, Gim. per kilogram o! 
body weight, was injeeted with consequeit 
decrease of OO per cent in frequeney and 
65 per cent ino amplitude of the normal 
values about 60 minutes after the myjection 
graph 4,5). Thus it appears 
that the hypermotility produced by insulin 
injection Was counteracted by the inhibi 
tors effect elicited by intravenous injection 


pres 
Was 


of elucose 


of vlucose 


Graph 3—Effect of in- 
sulin injection, 1 unit per 
kilogram of body weight, 
on rumen motility. N 

preinjection normal val- 
ues of blood glucose as 
well as of frequency and 
amplitude of rumen con- 
tractions; O time of 

injection. 
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Effect of the Infusion of Fructose on 
Rumen Motility—lt 
certain the possible effect of a sugar other 
than rumen 
Therefore, a fructose solution was used be 
cause of the rapid disappearance of this 
sugar from the blood as has been shown by 
other authors.’ 

Five hundred milliliters of a 20 per cent 
fructose solution were infused at a rate 
varying from 1.5 ml. to 3.1 ml. per minute 
(graph 6). The frequency of the rumen 
movements was unaltered during the first 
40 minutes of infusion while the amplitude 
increased slightly. At the end of 40 min 


was desirable to as 


glucose on contractions 
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utes, the frequency of rumen contractions 
had diminished to 7 per cent and the am 
plitude to about 30 per cent of the normal 
level. After this period, both frequency 
and amplitude increased slightly again, al 
though remaining far below the normal 
level. The rumen contractions disappeared 
completely for a period of 40 minutes at 
approximately 160 minutes after the start 
of infusion. During the next 20 minutes 
they very low, after which they in 
creased markedly, 
the normal levels 

Different blood 


vlucose are also plotted 


were 


rising to slightly above 


and 


The 


levels of fructose 
(graph 6) 
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Graph 4—Effect on rumen 


followed in four hours by glucose injection, 1 Gm. per kilogram of body weight. N 


MEAN AMPLITUDE OF CONTRACTIONS IN A 
20 MINUTE PE RIOCO ( 


GLUCOSE ImZECTION 
motility of insulin injection, 1 unit per kilogram of body weight, 


pre- 


injection normal values of blood glucose as well as of frequency and amplitude of rumen 
contractions. 
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Graph 5—Tracing illustrating the effect of insulin injection, 1 unit per kilogram of body 
weight, followed by glucose injection, 1 Gm. per kilogram of body weight, on rumen motility 
S time blood sample was drawn. 
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fructose level rose throughout the period 
of infusion; the drop observed in the curve 
is probably due to an accidental interrup 
tion of infusion period. Discontinuation 
of fructose infusion resulted a rapid 
drop of level, The rise in’ the 
blood glucose level nearly paralleled that 
of fructose, although a more gradual de 
cline of the 
with 
of hyperglycemia 
iifusion 

Kffect of the 
Rumen Motility. -To ascertain whether a 
single injection of fructose would prodiice 


fructose 


glucose curve as compared 
fructose gave rise to a longer period 
after the cessation of 


Injection of Fructose on 


the same effect as does infusion, a 50) per 
fructose solution of 1 per kilo 
yvram of body weight was injected into the 
jugular vein of each of 2 sheep 
linmediately after 


tose, there occurred a slight 


cent (im 
graph 7 
injection of the 
inhibition 
well as in 
followed by a 
level, In 
blood fructose and vlicose levels were de 
that 
fructose was rapid 


frequency as amplitude for 
120 


rise above the 


about Minutes, shight 


normal addition, 
termined and plotted. It is evident 


the disappearance of 


but that its injection affected the ghicose 


level, producing an increase followed by a 


1956 


diminution Also, the period of inhibi 
tion of rumen motility corresponded to the 
hyperglycemic level and the slight acceler 
ation of motility to the relative hypo 
glycemia 

Effect of the Injection of Saline 
tion on Rumen Motility. eliminate the 
possibility that stimuli caused by any in 
jection would produce changes in rumen 
motility, 1] sheep was injected in the jugu 
with 50 ml. of a 


Nolu 


lar vein sterile saline 
were taken for an 
after the 


Variation 


solution Tracings 
hour both 
There was no appreciable 


ane amplitude al 


before and mijection 
in the 
frequency con 
tractions 

Discussro 


Injection of glucose in a dose of 


per kilogram of veroht 
inhibition of rumen motility intrave 
nous injection of insulin, | unit per kilo 


produced 
and 
gram of bods weight, provoked hypermo 
tility of the rumen 
all sheep. The results obtained confirm the 
observations of previous investigators! 
that the effect of 
rumen motility be 


This was observed in 


is of interest injected 


sigar oor insulin on 
comes apparent only after a certain period 


The amplitude and frequeney cid not al 
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Graph 6—Effect of fruc- 
tose infusion on rumen 
motility. N preinjec 
tion normal values of 
blood glucose (G) and 
fructose (F) as well as of 
frequency and amplitude 
of rumen contractions; 
0 start of infusion. 


MEAN AMPLITUDE OF CONTRACTIONS IN A 
20 MINUTE PERIOD (CM) 


240 3320 


3 £0 
ohh IEEE! bal DEE 
GREER 


Ways vary simultaneously ; decrease in the 
frequeney of the rumen 


curred in some instances, these berg more 


COnTrACTIONS OF 


powerful as evidenced by a greater ampli 
tude 


It is not clear whether any correlation 


eXists between blood sigur concentration 
and the onset of the stimulation or inhibi 
tion of the rumen contractions. There are 


Wide Variations even on duplicate determi 
nations in the same animal. Moreover, the 
impression gained from the data is that no 
predictable correlation exists between 
blood sugar levels and the time of onset, o1 
the degree of rumen hypermotility or hs 
pomotilitn. The 


onset of the hypermotil 


Rumen 
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imsulin) or hy pomotile 
gradual rather than abrupt, and it does 
not terminate abruptly even when the nor 
mal glycemia is restored. The duration of 
hypermotility due to insulin 
variable, but it may appar 
ently outlast the hypoglycemic period 


Hypermotility due to induced hypogly 


phase ts 


seems to be 


comia may be compared to hunger contrac 
tions observed by many authors in animals 
with a simple stomach! has been ob 
served that in man, and probably in car 
hivorous animals, an stomach is a 
for the appearanee of hunger 
contractions. This is evidently not the case 


empty 
requisite 


in ruminant animals because the stomach 
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will not be empty even after 5 or 6 days of 
starvation 

Immediately following injection 
a transitory period of inhibition of rumen 
particularly amplitude, was 
It was thought that this primary 
inhibition, which was also observed in some 


motility, 


obsery ed 


sheep following glucose injection, might be 
due to reflex discharge of 
caused by the pain arising from the intra 


adrenaline 
Venous anal by restraining of the 
sheep. Adrenaline could inhibit: rumen mo 
tility by way of the sympathetic nervotts 
However, tt that 
saline solution produced to 
alteration ino rumen motility; therefore, 
the primary inhibition could not be attrib 
uted to adrenaline discharge 

the 

normal 


stem Wis noticed 


injection of 


pro 
tonus and 


Revan : reported that 
injection of insulin in 
duced a primary depression o 
activity which 
hypermotilits It wa 
also that injection of tm 
sulin stimulates the sympathetic nervous 
others, 


dows 


vastric passed over into 


vaustric reported 
raVvenoths 
results, among 


system which 


decrease tone and 
stomach Scott, working on dogs which 
previously had been found 
that the immediate inhibitory action of in 
travenous insulin on gastric motility 
more marked and more frequent than be 
fore vagotomy, On the other hand, it ts 
already known! that in ruminants the 
splanechinie (sympathetic 
carry impulses that depress gastric motil 
ity. Thus, the transitory inhibition which 
always followed the insulin injection might 
be attributed to insulin itself and not to 
the sugar level in the blood. 

The nervous system could be affeeted di 


qillescence of th 


vavotomized, 


nerves system 


rectly by glycemia, or by some other mech 
anism involved in the phenomenon, 1 
assumed that the vagal stimuli originate i 
some center in the central nervous system 
called ‘ruminal centre’? by some authors, 

or ‘rumination center’’ by some others,’ 
which discharges a series of regular im 
pulses, much as does the respiratory cen 
ter, and that it inheren 
rhythm influenced by humoral and nery 
that this center dis 


ISSESSES 


ous factors, or else 


charges only in response to specifie stimuli 


Clark?" made an attempt to localize this 
center in the subcortical area anterior to 


the infundibulum. Evidently the relation 


ship existing between the level of glycemia 
rumen motility as observed ino these 
experiments is in favor of the hypothesis 
of the humoral That hypogly 
cemic hypermotility was followed by an 
rumination is another fact 
the humoral theory, in 
that 


rumination 


and 
regulat 
initiation of 


that support 
asmuch as it Is al 


mas 
adv know! 


motility is increased during 
The 
affect the ce 
late not only the motility ot the 


variation of the glucose level might 


itral mechanisms which regu 
rumen but 
also the complex phenomenon of rumina 
tion 
Injection of fructose produced slight 
changes in rumen motility. Following the 
injection the level 
showed an initial hyperglycemia of short 
duration followed by a slight fall. It 
that these slight changes im 
rumen motility are associated with changes 
with fructose 
itself, inasmuch as infusion of fructose for 
190 
vated glucose level that 


the 


of fructose, 
mas 


be, however, 
of the glucose level and not 


minutes induced a considerably ele 
after 


fructose was discontinued 


lasted even 


infusion of 
SUMMARY 


The effects of 
sulin, and fructose on rumen motility were 


injections of glucose, 


studied using 7 sheep with permanent ru 
men cannula-fistulas 

1) An induced hyperglycemia, die to 
cent glucose solu 


an injection of per 


tion at a dose of 1 Gm. per kilogram of 
body weight, provoked an inhibitory effect 
on rumen motility 

2) An induced hypoglycemia, caused by 
unit of in 


weight, re 


an intravenous injection of 1 
sulin per kilogram of body 
sulted in a stimulation of 
tions preceded by a transitors 


contrac 
inhibition 
period. 

3) The induced hypoglycemic hyperme 
tility was inhibited by injection of a 50 per 
cent glucose solution in a dose of 1 Gi 
per kilogram of body weight 

$4) Infusion of fructose in an amount of 
500 mi. of a 20 per cent solution during a 
period of 160 minutes caused inhibition of 
rumen motility 

5) Injection of a 50) per 
solution in a single dose of 1 Gm. per kilo 
gram of body weight produced no appar 
ent effect on rumen motility 

6) The theory that the 


cent ftruetose 


Variations of 


: 
N any 145¢ 
as im. J. Ver. Res 
| | 
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blood glucose level may affect the ruminal 
center by way of a humoral mechanism has 


been discussed 
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Sombt of the depleting effeets of cancer on 
the “labile protein stores’” of have 
evaluated, These ‘‘stores’’ are the 
proteims that 
continually to supply 
energy for maintenance of es 
Some of them 


dogs 
been 


blood and tissue are being 


catabolized amino 


acids and 


sential structures are the 


enzvine systems that detoxify poisons, pro 
tect the animal from the toxicity of chemo 
therapeutic agents, and catalyze reactions 


needed for resistance to stresses of all 
Mixtures of amino acids or of hor 


of both are being sought to re 


or 
the catabolism of normal tissues 
that the 


lites 
reported previously nddition of 
to the diet in 


tabolism of 


proper proportions 1 


normal tissue proteins in 
of the tumor, thereby improving the 
This 
during the 
effective after the 


deplete normal tissues. It was 


prese 


of the animal reduction, however, 


most obviou early growth of the 


thmor amd was not enneer had 


begun to 


found that mixture of glyeine and methionine or 


of giveoesamine and methionine inereased the fa 


vorible response of methionine supplementation, 


the mixture of methionine and glyeocyamine being 


particularly under conditions of stress 


marked 
toxicity of the 


such ure tsseeinted with depletion 


of ‘protein stores’’ or the 
phosphoramides 
been used to reduce 


The phosphoramides have 


the rate of growth and even enause regressions in 


some tumors.” ' Preliminary studies indieated that 
(5 oxapentamethylene)-N’, N” 
(MEPA) in the treat 
occurring tumors in dogs. The 


MEPA 


diethylenephos 
was of interest 
ment of naturally 
following report is restrieted to the use of 
in the dog. 


Kticet of MEPA on White Blood Cell 
Count. Previous experience demonstrated 
that the toxicity of MEPA could be meas 
ured best by the development of a leuko 
penia. The data in graph 1 illustrate the 
average response to giving MEPA in the 
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food to 4 dogs maintained on a low casein 
liet 
day per kilogram of body weight. This diet 
has been described previously The open 
circles in graph 1 (A) record the average 
white blood cell count in 3 control dogs fed 
this diet without MEPA. The circles with 
horizontal bars illustrate average data ob 


containing 0.2 Gm. of nitrogen per 


tained on 3 dogs given orally 1 omg. of 
MEPA per day per kilogram of 
weight. The average white blood cell count 


bods 
was essentially normal in animals 
the l-mg The open cireles in B, 
on the other hand, iflustrate the leukopenia 
that developed in 3 normal dogs fed 5 mg 
of MEPA per day per kilogram of body 
When the drug was removed, the 
circles with 


dosage 


weight 
count returned to normal (se 
cross bars, graph | 

The data in graph 2 (C 
kopenia which developed in another group 


record the leu 


\ control dogs received no MEPA re 

ceived orally 1.0 mg. of MEPA per day per kilogram of 
body weight 

4} received orally 5.0 mg 


4 of MEPA per day pe: 
kilogram of body weight 


MEPA discontinuei 


Graph 1—The average white blood cell response to 
N - (3-oxapentamethylene) -N’, N”’-diethylene phos 
phoramide (MEPA) in the food of dogs main- 
tained on a low casein diet containing 0.2 Gm. of 
nitrogen per day per kilogram of body weight. 


velfoure 
Wil 
A 
20} 
| O 
iO} ® D 
= oO O 
| ) 
10} ~O 
| 
®@ 
ou 
0 10 20 30 40 50 
DAYS 


Am. J. Ver. Res 
JANUARY 1956 


(CHEMOTHERAPY oF 


20 
DAYS 
\ + were of nitrogen, plus 0.67 per 
cent of methionine, plus 0.67 per cent o 
plus 5.0 mg. orally of MEPA per day per kilogram of 
body weight 
B } were fed 0.6 Gm. of nitrogen, plus 5.0 mg 
orally of MEPA per day per kilogram of body weight 
( were fed 0.2 Gm. of nitrogen plus 5.0 me 
MEPA per day per kilogram of body 


fed O.2 tim 


glycocyamine 


orall of veight 


Graph 2—The average white blood cell response to 

N - (3-oxapentamethylene) -N’,N” -diethylenephos 

phoramide (MEPA) in the food of dogs main 
tained on a low casein diet. 


of MEPA in the low 
The data in B illustrate the 
protective effect of increasing the casein 
nitrogen to 0.6 Gin. per day per kilogram 
of body weight. Graph 2 (A) records the 
average white blood cell counts of 
fed the low casein nitrogen diet supple 
mented with methionine plus glycoevamine 
(0.67% of methionine plus 0.67 % of gly 
cocvamine). Thus, a high casein diet or a 
supplemented low diet prevented 
the development of leukopenia over this 
experimental period 

MEP A, injected intravenously, was 
more toxic than when given orally. The 
data in graph 3 (C) illustrate the marked 
leukopenia which developed in 3) normal 
dogs receiving 1 mg. of MEPA per kilo 
gram of body weight intravenously three 
times weekly, dogs which were fed 0.2 Gm 
of casein nitrogen per day per kilogram 
The return to a normal count after 
tion of the injections is illustrated by the 
circles with cross bars. The protective ef 
fect of feeding a higher casein diet (0.6 


of 3 dogs fed 5 me 


casein diet 


3 dows 


Casein 


CANCER WITH 


MEPA 91 


is illustrated in B, data 
3 dows injected thrice 


Gim. of nitrogen 

being obtained on 
weekly over the whole experimental period 
with 10 mg. of MEPA per kilogram ot 
bods weight The protective effect of me 


thionine plus glycocyamine is illustrated in 


vraph 3 (A 
fed the low casein diet supplemented with 
the mixture of methionine plus glycoes 
amine and injeeted with 10 mg. of MEPA 
per kilogram thrice weekly during the en 
tire period of 40 days 

The results (graphs 1, 2, 4 
that maintenance of the protein stores of 
the animal with 
development of leukopenia in the presence 
of MEPA in the dog 

The Effect of MEPA on the 
Cell Count and Hemoglobin 
blood cell count 
duced eventually 


MEP A 


data being obtained on dogs 


demonstrate 


is correlated resistance to 


Ri d Blood 
The 


were re 


read 
and hemoglobin 
in dogs given orally 5.0 
kilovram of 


me. of per day pet 


DAYS 
vere fed 0.2 Gm. of nitrogen plus pr 
methionine and 0.67 per cent of glyco 
per kilogram of bod 


plus 1.0 me. of 
per kilogram of body weight intravenously thrice 
throughout the experimental period of 45 da 

t were fed fam. of nitrogen per da per 
body weigh plus 10 mg. of MEVA po 


thrice 


kilogram of 

kilogram of bed intravenously 
throughout experimental period 

‘ t were fed 0.2 Gm. of nitrogen per day pr 

kilogram of bod weigh plus 1.0 me. of MEPA per 

intravenously thrice weekly for two week 
MEVA discontinued 


kilogram 


Graph 3—The average white blood cell response to 

N -(3-oxapentamethylene ) -N’,N” -diethylenephos 

phoramide (MEPA) given intravenously to dogs 
maintained on a low casein diet. 
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body weight with a diet of 0.2 Gm. of 
casein nitrogen per day per kilogram 
(graph 4 A). The open circles in A record 
the average hemoglobin content of the 
blood of control dogs fed 0.2 Gm. of casein 
nitrogen per day per kilogram of body 
weight. The circles with cross bars illus 
trate the hemoglobin content of dogs fed 
the low protein diet plus 5 mg. of MEPA 
per day per kilogram of body weight. 
However, toxicity of MEPA can not be 
detected early through red blood cell 
counts or through hemoglobin concen 
tration 

In general, the dog will raid the labile 
protein stores to maintain hemoglobin in 
the blood This maintenance of 
globin even on a protein-free diet is illus 
trated by the open cireles in graph 4 (B) 
The greater susceptibility of animals fed 
the protein-free diet, however, to the tox 
ity of the drug is illustrated by the cir 
with bars. These animals were 
viven the protein-free diet 
MEPA equivalent to 5.0 mg. per day per 
kilogram of body weight. Two of these 


hemo 


cles CTOSS 


eontaining 


B 


HEMOGLOBIN GMS% 


20 


30 40 50 
DAYS 


of nitrogen per day per 


\ % controls fed 0.2 Gm 
kilogram of body weight; © 3B received 
of MEPA per kilogram of body 
4 fed protein-free diet received 
of MEPA per kilogram of body 
while fed protein-free diet 


me. orally 
weight 

5.0 me 
per day 


orally weight 


Graph 4— The average hemoglobin response to 
MEPA in the food of dogs maintained on a low 
casein diet (A) and a protein-free diet (B). 
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Graph 5—Blood platelet counts in each of 2 normal 
dogs fed low casein diet and given three intra 
venous injections (arrows) of 1.0 mg. of N-(3-oxa- 
pentamethylene) -N’,N” -diethylenephosphoramide 
(MEPA) per kilogram of body weight. 

dogs eventually refused food and had to 
be taken off the diet. Under these condi 
tions, a leukopenia did not develop as rap 
idly as would be expected, possibly the re 
sult of reduced drug intake. Further work 
should be done, however, to evaluate the 
relative effect of the the bone 
marrow, 

Effect of MEPA on Blood Platelet 
Count.—Blood platelets are also quite sus 
ceptible to the toxie effects of MEPA 


(graph 5). 4 


diet) on 


These data were obtained on 2 
normal dogs with low protein stores main 
tained on 0.2 Gm, of casein nitrogen per 
day per kilogram of body weight. Each 
dog was given 1 mg. of MEPA per day per 
kilogram of body weight intravenously for 
three days as indicated by the arrows. The 
platelets dropped rapidly, the tempera 
tures of the animals increased and they 
appeared in poor clinical condition. The 
platelet count the dogs im- 
proved and returned to normal. The blood 
platelet count, however, has not 
good an indication of early drug toxicity 
in the dog as the white blood cell count. 
Plasma Proteins.—The plasma albumin- 
globulin ratios for the normal dogs under 
treatment are illustrated in graph 6. The 


increased as 
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bar with slanted line over C records the 
average ratio for 3 dogs fed the low casein 
diet. This A G ratio is below the average 
normal of O.7 but it is a ratio within the 
range found for dogs with cancer. The 
bars over D and E illustrate the average 
ratios of the dogs fed this amount of casein 
nitrogen plus 5 mg. of MEPA per day per 
kilogram of body weight, data which sug 
vest that feeding MEPA tends to deplete 
plasma albumin still further. The bar 
over B records the ratio for dogs fed the 
high casein diet (0.6 Gm. of casein nitro 
gen per day per kilogram of body weight 
plus the MEPA, while the bar over A il 
lustrates the average ratio in these animals 
fed the low casein diet supplemented with 
methionine and glycocyamine plus MEPA 
Supplementing with methionine or methi 
onine plus glycoeyamine reduced the ex 
cretion of urea nitrogen, thereby increas 
ing the retention of body nitrogen. These 
data also again can be interpreted to mean 
that high labile protein stores protect: the 
animal from the toxie effects of MEPA 
These studies on the dog emphasize the 
need to estimate the physiological state of 
the patient in order to preseribe safe yet 
adequate doses of the phosphoramides. For 
that reason, electrophoretic patterns have 
been determined in a group of animals ad 
mitted recently to the hospital. The albu 
min/globulin ratios of some of these pa 
tients are recorded (table 1). A> normal 
dog with fairly full stores will have a ratio 
of 0.7 or higher. Many of the patients had 
a low normal or subnormal ratio reflecting 


the depleted state so often associated with 
cancer 

Cancer Clint A cancer clinte for aut 
mals has been in operation since October, 
1950. Receipt of patients is based upon 
prior biopsy diagnosis of cancer, admission 
being restricted to those Types known to 
resist surgical and x-ray therapy, or those 
CHSCS in which chemotherapy in chosen 
the owner who refuses surgical or x-ray 
intervention for the patient 

Following admission, a few days of ori 
entation to hospital routine and diet are 
permitted and then “‘base line’’ samples 
for blood chemistry and cell counts are 
withdrawn 

The patient is then assigned to a dosage 
schedule based upon body weight and the 
above clinical data. Dosage is occasionally 
varied slightly according to clinieal judy 
ment. Weekly blood samples are with 
drawn for white cell and differential blood 
counts since these are used as the control 
data in governing drug dosage and dura 
tion of administration 

Triweekly blood samples are withdrawn 
for plasma electrophoresis, using the Ti 
selius apparatus, as well as for red blood 
counts and hemoglobin determinations 
serology, and other blood determinations 

Tumor measurements, photographs, and 
periodic biopsies are accomplished rou 
tinely. 

MEPA Therapy m Dogs Dosage 
The data presented here and elsewhere 
demonstrate that the phosphoramides can 
inhibit the growth of normal tissue cells, 


TABLE i1—Electrophoretic Patterns of Canine Patients Admitted to the Hospital 


Contre 

Perianal adenocarcinoma 

Verianal adenocarcinoma 

Mammary carcinoma 

Mammary infiltrating duct adenocarcinoma 
Mammary infiltrating duct adenocarcinoma 
Mammary fibrolipoma 

Mammary myoepithelioma 

Amelanotic melanoma 

Fibrosarcoma 

fibrosarcoma 

Squamous cell carcinoma 

Squamous cell carcinoma 

Seminoma 

Transmissible venereal tumor 

Malignant lymphoma 

Malignant lymphoma 

Malignant lymphoma 

Malignant lymphoma 


Percentage of total 


Globulin 


3 
q 
‘a 
j 
& om 
wn 
12.5 12 inv “oo $ 
295 124 14.2 10.6 0.29 
201 17.2 23.1 17.2 12.4 0.25 
3.0 13.7 15.0 7 
10.8 6.6 24.4 24.4 0.69 
21.2 64 16.4 29.2 26.2 0.27 
15.6 114 1K 16 O54 
7.4 14.6 7.2 O51 
$7.3 7.7 25.4 20.7 
10.5 66 7 24.4 24.4 
$2.4 5.2 .2 25.9 21.7 0.71 
144 20.5 24.8 2.7 0.56 
= 


WV McCoy—ALLISON 


that they will inhibit and even cause re 
gression of some types of tumors at dos 
ages that have no effect upon normal tis 
sues. The dosage for inhibition of other 
tumors, however, may be near, equal to, or 
above levels toxic to the most susceptible 
of normal tissue cells. If confronted with 
a tumor of unknown susceptibility, a high 
dosage near to toxic levels is often used 
until the action of the drug is known. It 
becomes important, therefore, to protect as 
much as possible against toxicity to normal 
cells. Data obtained on the dog demon- 
strate that MEPA (1 mg. per kilogram of 
body weight) given intravenously thrice 
weekly produced a marked leukopenia in 
from one to four weeks depending upon 
the magnitude of the protein stores and 
the physiological state of the animal. Daily 
oral administration of 5 mg. of MEPA de- 
veloped a leukopenia in dogs with low pro 
tein stores such as are common in tumor 
bearing animals. Further experience in 
normal dogs and in patients suggested 
that 0.7 mg. of MEPA per kilogram of 
hody weight given intravenously thrice 


A/G RATIO 


0.3 
ABCODE 


\—Fed 0.2 Gm. of nitrogen plus 0.67 per cent of methi 
onine and 0.67 per cent of glycocyamine plus 5.0 mg. of 
MEPA per day per kilogram of body weight 
h—Fed 0.6 Gm, of nitrogen plus 5.0 mg. of MEPA per 

day per kilogram of body weight 
‘ Fed 0.2 Gm. of nitrogen per day per 
body weight 
D—Fed 0.2 Gm. of nitrogen plus 5.0 mg. of MEPA per 
day per kilogram of body weight 
K-Fed 0.2 Gm. of nitrogen plus 5.0 mg. of MEVA per 
day per kilogram of body weight 


Graph 6—Average albumin-globulin ratios in dogs 
fed low casein diet. 


kilogram of 
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weekly was an effective and relatively safe 
dosage in patients. The intermittent ad- 
ministration of the drug was tried to per- 
mit maximum recovery and resistance of 
normal tissues to toxic effects. Leukopenia 
developed under these conditions but acute 
toxic symptoms were rarely observed. At 
the present time, it is believed that oral 
administration of MEPA is more practical 
and just as effective when given in doses 
of 2 mg. per kilogram of body weight 
thrice weekly. Leukopenia again may de- 
velop, but acute toxicity has not been ob 
served so far. 

Drug Toxicity.Marked leukopenia and 
thrombocytopenia occurred prior to the de 
velopment of acute clinical symptoms of 
toxicity. Anemia developed later, as a rule, 
and did not appear at all in) marginal 
By acute toxicity is meant the de 
velopment of the following symptoms 
given in the usual order of appearance: 
emesis, salivation, inappetence, pyrexia 
(104 F. or higher), diarrhea (which may 
bloody), lethargy, dehydration, 
dyspnea, tachyeardia, limb edema, ventral 
edema of head, neck, and body, eechymo 
ses, interstitial hemorrhage, prostration, 
and death. Hyperesthesia associated with 
the severe pyrexia is Since 
these toxic symptoms have within them the 
shock syndrome, 11 of the animals showing 
acute toxicity were treated to overcome 
this condition by giving fluids and other 
forms of therapy such as doses of anti 
histamine caleulated under label direc 
tions. Although the number of animals 
was small, the results demonstrate that 
this therapy was inadequate, the animals 
dying in shock. Later, given much larger 
doses of antihistamine, 12 of 17 animals 
showing severe toxic symptoms recovered. 
During recovery from toxicity, the body 
temperature returned to normal in 12 to 
72 hours, appetite returned and there was 
restoration of blood cell counts in from five 
days to six weeks depending upon the se 
verity of the toxie reaction and the ani 
mal’s reserve stores. The corrective ther 
apy for acute toxicity, at present, is anti 
histamine in a dosage 50 per cent over the 
maximum calculated directed, 
given one to three times daily in Ringer's 
solution, the latter totalling 600 to 1,000 
ce., subcutaneously. Antibioties are ad 
ministered for the prevention of secondary 


CHSOS 


become 


occasional. 


dose as 


TABLE 2—Summary of Case Roster of Dogs Bearing Spontaneous Cancer Treated with 
MEPA,* Showing Diagnosis, Unit Dosage, Means of Administration, Total Dose Given, and 


Diagnosis 


Fibrosarcoma, gingiva 


infiltrating papillary 
duct adenocarcinoma 
mammary gland 

Fibrosarcoma, nasal 


subcutis 


M voepitheliona 
mammary gland 
Squamous cell cares 
noma, anterior nares 


Malignant lymphoma 
Malignant lymphoma 
M yoepitheloma 
mammary gland 
Infiltrating papillar 
duct adenocarcinoma 


mammary gland 
Malignant lymphoma 


Fibrosarcoma, gingival 


Malignant lymphoma 


Infiltrating papillar 
duct adenocarcinoma 


mammary gland 


Fibrosarcoma, dorsa 
thoracic soft tissue 
Malignant lymphoma 
Seminoma 


Perianal 
adenocarcinoma 


Infiltrating neoplasm 
of penis, undiagnos: 
Squamous cell 
carcinoma 
Infiltrating papillary 
duct adenocarcinoma 
mammary gland 
Malignant lymphoma 


Mast cell sarcoma 


Infiltrating papillary 


duct adenocarcinoma 
Spindle cell sarcoma 


hard palate, gingiva 
Malignant lymphoma 


viene 


Therapeutic Response 


Total 
lowe 


Rout me 


clinic 

reM total dome etroma 

apy prior to META 

node metastasis evident after THM the 

(irowth retarded Still under treatment 

Surgical recurrence, sear line secondarte 

generation encapsulation partial reere 

Telemetastases, Death in four month 

Ketarded infiltration at base of not 

growth in pedunculated portiot 
found at necropes Death in months 

Encapsulation pendulation enti 

follow-up study 

Ketarded infiltration and metasta 

ses found at Death o months 

No regression, Death in five \dvanced 

ruse 

(me remission of twa 

ond regression and deatl 

No effect. Death in two months 

Multiple pulmonary metastases 


in «ix days from start of the 


First remission lasted 4! month after on 
plete regression Second ion fol 
lowed by death after two we remission 
Death in eight months 
Retarded infiltration Inhibited metastasis 
Studied as aged patient with chronic lack of 
appetite and irregular food consumption rer 
ord, Death in one month 
First remission lasted two 
one week Died one week after 
renee 
Highly malgenant gro 
volved entire mammary line 
from onset Some degeneration 
fraction but no apparent effect on 
tissue Death in two weeks 
106 Patient in ninth month of therap Ketarda 
tion of tumor growth Tumor now me | 
formerly fast to vertebra Considered 
cally approachable 
Complete regression but 
referring hospital 
Hoo Slight reduction in size of scrotal Mase an 
creasing firmness Still under treatment 
177 Regression almost complete when death 
vened Limited food intake favored to 
Death in three weeks 
Inhibition of infiltration, fibrotic chang: 
encapsulation Now « surgical proble 
biopmed due to possilility of atresia 


thra will be classified after surgical remova 


i 
Degeneration with increased differentiation 


compared to hhopay specimen of tutor 
nized for histopathology material 
Postsurgical carcinomatosia prevailed et 
try tnder therapy degeneration of tumer 
tinsue n axillary and pulmonar metuntane 
Kuthanized for histopathology material 
Lymph node regression at death 
three weeks of therapy 
Cutaneous sarcomatoni- bey of itanes 
metastases regressed, Death in two month 
Degeneration of uleerating huds 
encapsulation pendulation extirpation tn 
der observation 
Change in tumor color from 
ish pink Still under treatment 

oral gression of lymph nodes #0° 


ment 
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infections attributable to low- 
during the coneurrent 


bacterial 
ered resistance 
leukopenia 
Tumor Therapy.-A record of animals 
that have received MEPA, the diagnosis, 
dose, and response is shown (table 2). As 
reported previously, the phosphoramides 
are most effective in producing regression 
of malignant lymphomas. Malignant lym 
phoma is a uniformly fatal disease in the 
dog characterized by a generalized hyper 
plasia of the lymphopoietic cells and conse 
quent lymph node and splenic enlarge 
ment, There may be an increase in types 
of mature and immature granulocytes in 
the circulation, The disease is usually fatal 
within a few weeks to a maximum of seven 
months after the diagnosis.'''° 
of malignant lymphoma have been treated 
with MEPA. The majority were in an ad- 
vanced stage of the disease when it was 
diagnosed. MEPA_ produced regressions 
of lymph nodes in 6 of the 7 dogs. With 
the doses used, 3 had one regression; 3 had 
a regression, followed by a remission and 
then another regression; and 1 had 
three regressions with remissions covering 
eight mouths. The rapid regressions of the 
lvmph nodes in the presence of MEPA 
were always accompanied by toxic symp 
toms similar to, but not thought to be, the 
result of drug toxicity alone, This toxicity, 
however, was treated successfully by using 
fluids and large doses of the antihistamine. 
Regressions were obtained, possibly lives 
were lengthened but, if this form of ther- 
apy is to be successful, a must be 
found which will bring about a more grad- 
ual regression with less toxicity to the pa- 
tient. The present oral dosage of 2 mg. 
per kilogram of body weight thrice weekly 
is being used for that purpose. 
Histologically, the regressed lymph node 
is somewhat restored to its original archi- 
tecture in that pericapsular infiltrations of 
lymphocytes or lymphoblasts, depending 
on the type of disease present, are no 
longer in evidence, and the peripheral 
restored, The germinal centers, 
vascular spaces, and medulla of the gland 
are not restored, however, for in the re- 
gressed nodes the picture is one of a ho- 
mogeneous sheet of lymphopoietic cells 
which retain the potential for recurrence. 
Seven dogs with mammary cancer have 


Seven cases 


has 


dose 
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been treated with MEPA. Of these, five 
cases have been infiltrating papillary duct 
adenocarcinoma and two have been malig 
nant myoepithelioma. One of the five infil 
trating duct adenocarcinomas has been ex 
tirpated after obvious tumor degeneration, 
partial regression, and pendulation. This 
change had been shown also by two earlier 
patients at necropsy, wherein the therapy 
had been continuous in hope of possible 
regression but had been too prolonged and 
had caused their death. Two others of the 
) patients had multiple pulmonary meta- 
tumors. The first received intrave- 
nously 1 mg. of MEPA per kilogram thrice 
weekly and died evidencing toxic symp 
toms five days following the first series. 
The second received 5 mg. of MEPA per 
kilogram orally twice weekly, eventually 
developing shock symptoms and dying, 
however. The response of multiple pulmo- 
nary metastases to MEPA 
Terminal pulmonary edema and an occa 
sional hemorrhage developed, possibly be 
cause of an effect upon the widespread neo 
plasttc tissue in the lungs. One of the two 
malignant myoepitheliomas responded to 
MEPA therapy with retarded growth and 
pendulation and was extirpated success 
fully. The other case showed no response 
to the drug. 

A total of 100 cases has been studied to 
date. Statistically, they present the fol 
lowing data: 


static 


was not good 


1) types, malignant lymphoma, 37 ; mam 
mary cancer, infiltrating duct, 9, infiltrat 
ing lobular, 3; squamous cell carcinoma, 9: 


spindle cell sarcoma, 4; merocrine adeno- 
carcinoma, 4; lymphoblastoma, 2; mast 
cell sarcoma, 2; leiomyosarcoma, 2; myxo- 
fibrosarcoma, 2; sarcoma, 2; 
apocrine adenocarcinoma, 2; neurofibrosar- 
coma, 1; seminoma, 2; amelanotie mela 
noma, 3; periosteal fibrosarcoma, 1; basal 
cell carcinoma, 1; histiocytoma, 1; fibro 
sarcoma, &; fibrolipoma, 1; malignant 
myoepithelioma, 2; unclassified penile tu- 
mor, 1; 

2) incidence by sex, male patients, 53; 
female patients, 47; 

43) ineidence by age, 1-4 years, 20; 5-5 
years, 30; 9-12 years, 45; 13-16 years, 5. 

This list includes those animals de- 
seribed in table 2 as having been treated 


with MEPA. 


osteogenic 
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Three Methods of Inducing Graded Obstruction 
of the Pulmonary Circulation 


CAPTAIN JOHNIE L. REEVES, V.C., U.S.A.F.; JAMES P. HENRY, M.D.; 
OTTO H. GAUER, M.D. 


Dayton, Ohio 


LITERATURE CITED 

demonstrated the effects 
of changes in blood flow.’ In 
order to determine the factors responsible, it was 
to develop means of changing the vol 


Several studies have 


volume on urine 


Necessary 
ume of individual segments of the vascular tree. 
Farber, Beeker, and EKichna” have used a balloon 
to distend either the inferior or the superior vena 
cava and Fishman’ has distended the vessels in 
the head. 
procedures on urine flow contrasts with the diuresis 


breathing,” or by 


The negative or absent effects of these 
indueed by negative 
changes in 
blood in the 


pressure 


posture which inerease the volume of 


chest’ and points to the thoracie 


possible site of reeeptors re 
sponsible for The 
presents three methods of indueing graded obstrue 
tion of different portions of the pulmonary eireu 
They have been found useful in localizing 
believed to link blood 

with alterations in kidney funetion, 


vascular bed as a 


urine changes present report 


lution. 
volume changes 

Briefly stated, 
the techniques used were plastic bead blocking of 


receptors 


radicles ef the pulmonary artery, snare closure of 


the pulmonary veins, and balloon inflation in the 
left auricle. The experimental results are reported 


elsewhere, 


MATERIALS AND MetTitops 


Young, mature, mongrel bitches weighing between 
und 18 kg were given 
15 mg. of morphine sulphate as a 


were used. All animals 
preanesthetic 
sedative. Anesthesin was mdueed by slow intra 
injection of & to 10) ee, per 


containing 1.0 


venous kilogram of 


hody weight of a warm solution 


per cent of chloralose © in 0.6 per cent of sodium 


chloride. The chloralose solution was given until 
the animal’s pupils contracted and the eyes rolled 
forward hiding the part of the iris, At 
this point, the animal was surgically anesthetized, 
reflex jerk when 


Usually, 


greater 


yet still exhibited a pronounced 


the table on which she lay was tapped 


no additional anesthetic was needed during the 


However, if the operative proceedure ex 


surgery 
ceeded an hour, supplementary anesthetic was o¢ 
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King 
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for preparing the balloons 

Alpha-chloralose. Bios Laboratories, In 17 W 


St., New York 25, N. 


60th 


casionally given. Postoperatively, as in the earlier 


work by Gauer ef al,” the anesthesia was allowed 


to lighten to the highest plane compatible with 


quietude and was maintained at that level by intra 
kilo 
Hydration 


venous injection of approximately 5 mg. per 
gram of chloralose every ten minutes 
physiological 
total 
weight 


was maintained by adding enough 


saline to the chloralose solution to make a 


injection of 1 ce. per kilogram of bods 


every ten minutes. 
It was found that the ehloralose solution eould 
be kept in a water bath at 65 to 75 (©. for 12 hours 


or more without causing a disturbance of urine 


flow, or other toxie symptoms. Aecordingly, the 


solution was made up in 240-ce. batehes, enough 


was kept 
bath. 
orifice with a step 


hours or more, and warm in an 


flask in a 
was eliminated by 


for six 


Krlenmeyer water Evaporation 


closing the 
per having a tube running through it to the bot 
tom of the flask for drawing the solution. 

which the animal was to re 


All surgery from 


cover was done using sterile technique. However, 


the bulk of 


surgical preparation has consisted of clipping and 


these studies has been aeute, and the 


scrubbing the area to be operated and draping 


with a suitable laparotomy sheet in an effort to 
keep gross hair and dirt contamination to a mini 
dose of 300,000 


mum, routine 


units of peneillin ** was given intramuscularly the 


precautionary 
day before to inhibit possible overwhelming gram 


positive bacterial invasion during the 10- to 14 
hour period of postsurgical expe rimental procedur 

Recordings were routinely made of pulmonary 
arterial, central venous, and systemic arterial pres 
volumes. For re 
No. 
introduced by way of the 
until the 


artery and just on 


sures and of ten-minute urine 


cording pulmonary arterial 


pressures, 4 
eardiae eatheter was 
jugulas 
tip was in the 


vein and right heart chambers 


pulmonary 
the edge of the heart shadow as visualized snder 
Central 


inserting a 2-mm., 


the fluoroscope. venous were 
taken hy 


tube by way of the 


pressures 
inside diameter, 
femoral into 
level of the fifth 


Systemic 


vinylite vein 


the posterior vena eava to the 


or sixth rib near the base of the heart 


arterial pressures were recorded by means of the 


sume size vinylite tubing introduced by way of 


the femoral artery into the descending sorta. For 


the balloon and some of the snare « xperiments a 


I-mm., inside diameter, vinylite tube was intro 


duced into either the left atrium or a pulmonary 
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both, at the time of the thoracotomy 


recording pressures in these struetures 


velh, of 
for 
Anticoagulants were used sparingly in 


volume of 


minimum 
the 
and, recordings 
clotting, the 
into a 


periments, to keep blood loss to a 


usual procedure was to measure 


each entheter when indieated 
anticoagulant in 
full 
buck 
nig 
units of heparin 
then 


urinary 


damping due to 
the catheter 
of saline 


through \ 


was drawn syringe 
flushed 

syringe containing 35 
100 ULS.P. 
per cubic saline was 
fill the enatheter The 
was made of 6-mm,, outside diameter, glass tubing 
curved to fit the biteh’s The 
probe pointed and three rows of holes perforated 
the em, <A lead the 
distal end of the glass eatheter to a burette placed 
the This 50- to 


exerted enough suction to keep the 


aud «a small amount 
second 
of sodium citrate and 
used to 


catheter 


centimeter of 
to its tip. 
Wiis 


urethra tip 


proximal 6 latex tube from 


eolumn of 
bladder 


on floor H0-em urine 


emprs 


PLAstTic BEADS 
For 
gery 
the jugular 
the 
for 


the plastic bead? injeetion, the only sur 


was to make small over 
the 


catheters. 


necessary INC 


artery and vem 
The ads 
repeated washing in 
When the 


weight 


vein and femoral 


to receive vaseular were 
infusion by 
and centrifuging. 
stable, a 10 


these 


prepared 
distilled 


flow 


water uritne 


wis vr cent by suspen 


sion of beads in physiological saline was 


infused in 2-ce intervals 
enthe 


body 


aliquots at five-minute 


double-lumen pulmonary artery 


ce 
needed to 


through a 


ter. Approximately per kilogram of 
pulmonary 


The 
the 


was usually increase 
by 15 to 
infusions had 

filled the 
pulmonary artery pressure. 

this fall 
50 per cent of its peak immediately 

further of 1 to 2 ce 
restore the hypertension to the de 
At this stage, the dosage was eritical 
of 
hypertension 


weight 
20 em, of water 
effect, 


infusions 


arterial 
first 
arterial 


pressure 


few no but us 


enused «a marked 
After 
off to 30 to 


following the 


tree 
rise oan five or 


ten minutes, pressure would 


infusion. A infusion Wis 
hecessairy to 
sired level 
would lead to 
and to a fatal 
The fall of 
been due to 
pul 


and a slight exeess beads an 
tise 
fall in 
pulmonary artery pressure could hav 
the eapillaries allowing the 
of the 
arteriovenous 
the 
mouary eapillaries was proved by finding them in 


of the at 


pulmonary 
systemic arterial pressure. 
dilatation of 
of a 


monary 


heads, or to opening of 


That at lenst a 
arrested by the 


portion 
shunts 


portion of beads was not pul 


microscopic sections brain and 
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These 
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Chain 
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formulation 
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flexible stainless steel eable,] 
threaded 
hy podermic 
about if \ 


of a strand of 
approximately 50 
blunted 


shaft 


end 


long, was into a 


10- gauge 
crimped 


em 
eurved needle 


shaft 


and 


une the firmly 


Fig. 1—A pulmonary vein snare used to congest 
circulation showing (A) vinylite tube shaft with 
snare in place and “boxed” as it would be when 
surrounding the pulmonary veins; (B) penrose 
tubing which is slipped over the button and tied 
securely to the shaft; (C) snare wire assembly 
showing the hypodermic needle probe crimped to 
a strand of cable and the vinylite sheath used to 
protect the veins from the cutting action of the 
cable. 
vinylite sheath was then slipped ower the 
The shaft 
diameter, vinylite 
long. The this 
flared 


diameter 


tubing 
portion of the needle 
stiff 4-mm., 
10 em 


they 


wire and a 


was made of a insicle 


tube approximately ends of 
heated 

of approximately 1 
into a Y 


funnel 


into a funnel 


Cone 


tube were until 


em. in end iis 
formed sides of 
the 


form a 


by compressing Opposite 
the flattened to 
Several melted 
the the ¥ 
drainage of fluids 
these 
No 


was op rated first 


and other end was 


plate small holes were 


into end near to provide for 


the 


prostoper 
(fig. | 

bilateral 
which 


ative from thoras 


Placement of Shares 


thoracotomy preference was given to 


euff and 


wis used to provic 


With an inflatable 
resuseitator 


The 
adjusted to 


An endotracheal tube 
au modified Seeler 
rate and depth of rr 


artificial respiration 
duplicate 
of the 


less than 


piration 
diately 
The 


were 
preceding attachment itutor 
set nt 


the 


resus 


pressures were nat minu 


of 
than 


mid not 


the 


mereurys evel 
plus 10 mm, of 
The approach to 


made by 


on expirators 
on 


lung 
portion of 


mereurs 


the 


more 
hiilus 


spiratory evel 


stile reseceting a 


Much 


wis Wise to 


on either 
the fifth 
countered, so it 
skin incision with a 
eut Somewhat 
tered 


muscular twitching was en 
mark the the 
scalpel tip before 


rib 
line of 
making the 
hemorrhage is to be encoun 
inesthesia than with | 


Therefore, blunt 


more 


under chloralose 


voluminous anesthetic agents 


dissection, careful control of even minor bleeding 


anticongulants was essential it 
blood 


lung ‘ 


and sparing use of 


volume 


irefull 


decrease in 
the 

fnger or a 
the 


preventing postoperative 
The 
reflected 


tened 


thorax ope ned 
with the 
the probe 


the 


ang 


dors: saline mor 


point of Wire 


sponge as 
threaded 


under pulmonary close 
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to the pericardium as was possible, The loose ends 
of the wire were then passed through the arms of 
the Y and up the snare shaft so that a loose loop 


was formed. In most causes, it was necessary to 


erimp the loop to make a ‘* box’? around the veins 


fo prevent compression of those from the apical 


lobe and, in the ease of the right lung, also those 


C 


Fig. 2—The use of the balloon to congest pulmonary circulation showing (A) inserting the 
balloon assembly into the auricle; (B) balloon in place and uninflated; (C) balloon inflated 
and tension placed on the tubes to prevent invagination (this can be done in the open but not 
satisfactorily in the closed chest), auricle noticeably stretched; (D) balloon inflated and tension 


released to allow the balloon to move into the atrium and block the mitral orifice. 
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lobe, The 


from each other 


from the intermediate guided the 


limbs of the loop away and in 
sured that the loop would be reformed fully after 
it had been closed sufficiently to occlude the veins. 
A large then 
ends of the wires and down to the 


over the loose 
flattened end of 


was tied in the snare 


button was slipped 


the shaft and a large knot 


The auricle 


invaginates and, at approximately 15 cc. of inflation, allows the balloon to protrude through 
the mitral ring into the ventricle with each auricular systole. 
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wires. An S-inch length of silieone-coated l-ineh 
penrose drainage tubing was then slipped over the 
flattened end of the snare shaft and tied securely, 
To the other end of the penrose tubing was fixed 
a three-way stopeock, 
The lung then 


original position and the thorax was closed using 


wis carefully returned to its 
at least two layers of sutures in an effort to make 


the closure absolutely airtight. The contralateral 


side was then operated and a similar snare plac 
vein 


from the intermediate lobe of the right lung could 


ment made. In most inclosure of the 


not be achieved from the right side; however it, 


from the left 
surrounding the left 


could be reached side and ineluded 


in the snare veins, It was 
necessary to puneture the venneaval fold of pleura 
to ullow the 
intermediate lobe if it 
left 
phragmatie lobe or 
failed to be 


ally enough of the lung circulation could be ob 


share to pass around the vein of the 


were approuehed from the 


Frequently the vein from the right dia 


sone small HECCSSOry vein 


inclosed| within the shires, but usu 


structed to induee the necessary 20 to 25 em. of 
iIncrense of arterial 
sure, At 


pheumothorax 


Water mean pulmonary pres 


the completion of the surgery, the 
that 


by drawing the 


und hemothorax may have 


vecurred Was reduced foreign 


substances through the stopeock in the penrose 
tubing. 
The with the 


shares was to pull one snare loop snug and elamp 


usual experimental procedure 
it near the button, then to tighten graduatly the 
until the 


pulmonary artery pressures occurred, 


contralateral snare desired inerease in 


Leer AURICULAR BALLOON 


TI 
The rubber 


and to obstruct the blood flow from the pulmonary 


balloons used to distend the auricle 
veins were molded on a 2-em, diameter glass sphere 
They 
attached to a 2-mm., inside diameter, soft vinylite 
tube, the tip of whieh had been built up to 5 mm., 
snugly within the balloon 


with «a 5-mm., outside diameter, stem. were 


outside diameter, to fit 
stem. A 2-mm., inside diameter, vinylite pressure 
recording catheter was tied alongside the balloon 
and its inflating tube, and the whole was coated 
with jelly. As in the 
thoracotomy was done at the fifth rib but in this 
The lobes of 


the left lung were carefully separated at the cleft 


silicone share placement, 


case only the left side was invaded. 


between the eardiae and diaphragmatie lobes so 


that the pericardium could be opened and drawn 
toward the incision to form a cradle in which the 
manipulations of the left 


heart lay during the 


auricular appendage \ clamp was placed ob 
liquely across the appendage about | em. from the 
tip and posterior border, Care was taken to elamp 
just tight enough to prevent leakage of blood. A 
purse string suture was placed around the tip of 


and the 


the auriele near the elamp, a stab wound 


through the margin inclosed by the suture, 


balloon assembly introduced into the left auricle 
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through the wound. The insertion of the balloon 


ean be made with very little loss of blood if on 


assistant will hold the margins of the wound open 


with two mosquito foreeps as the operator inserts 


the first part of the balloon assembly and if a 


second assistant releases the auricular clamp as 


the operator completes the insertion and tightens 


the purse string. The chest was closed as deseribed 
above, The pneumothorax was redueed and spon 
taneous respiration was re-established. 

It was found that if the aurieular 
catheter 


the collapsed balloon and if it 


pressure 


tip extended slightly beyond the edge of 


were directed uy 
toward the veins, loss 


stream, that is, pulmonary 


interference with the tracing due to bloeking by 


the heart wall would oeeur, The balloon was placed 
so that 
the mppendage 
chest 


When it was collapsed it rested mainly in 
When it was inflated 


would 


during 


open observation, it move into the 
auricular ap 
Cineth 


that the 


invaginate the 
degree (tig 
coutirmed an earlier 


blood stream 


pendage to 


orography 


balloon on occasion protruded through the mitral 


valve into the ventriele at atrial systole and re 


turned to the atrium at ventricular systolk The 


experimental procedure involved attaching the bal 


loon eatheter to a S0-ee. saline filled 


filling the balloon to the 


ented by the pressures recorded on the oseillogs iph 


syringe 


desired degree as indi 


SUMMARY 


Description of the techniques and appa 
ratus used in 62 experiments for produc 
ing graded obstruction of the pulmonary 
circulation is presented. They proved of 
value in determining the precise locus of 
receptors Which induce changes in kidney 
function in response to alterations in blood 
volume. Specifically, infusion of plastic 
pulmonary 
small pul 


cohyest 


beads was used to congest the 


upstream from the 


radicles, snares to 


circulation 
monary artery 
upstream from the retropericardial pulmo 
nary veins, and a balloon to 
stream from the left atrium (mitral valve 


eongest ip 
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Encephalitis in Dogs Produced by Distemper Virus 


JAMES H. GILLESPIE, V.M.D. and CHARLES G. RICKARD, D.V.M., M.S. 
Ithaca, New York 


ENceErPHALITIS in dogs manifested by epi- 
leptiform convulsions was associated with 
distemper in earlier studies on this dis- 
ease.’ Recently, however, there has been 
some question whether distemper virus as 
such could cause encephalitis.” By some, 
the has been attributed to a virus 
other than distemper virus? and by others, 
either to a mutant of distemper virus or 
else caused by distemper virus aided by 
hypothetical toxins.’ In any there 
seems general agreement that the basic fac 
tors influencing distemper virus to pro 
duce encephalitis are poorly understood 
Major difficulty in the study of this 
problem has been the failure to produce 
nervous manifestations with regularity. In 
this work on encephalitis, therefore, an 
and a method were sought that 
produce neurological signs regu 
Results of this search form the basis 


cause 


Cast, 


agent 
would 
larly 


of this report. 


ISOLATIONS OF STRAIN USED FOR STUDY 


In September 1950, neurological 
showed only 
presented for 


was performed; 


a dog without 
generalized signs 

After 
portions 


complications that 


of distemper was study. 


euthanasia, a neeropsy 
of cerebrum and cerebellum were removed, pooled, 
and placed in vials under dry ice refrigeration 
Other portions of brain were saved for histological 
and bacteriological studies 

In «a test for virus, a vial of cerebrum and cere 
bellum was thawed and a 10 per cent suspension 
made in saline with a glass grinder to be used as 
inoculum. Prior to inoculation, each dog was an- 
esthetized Then the 


head was shaved, painted with tineture of iodine, 


with sodium pentobarbital 


a median incision 5 mm. in length was made, the 
skin was defleeted laterally, and a hole was drilled 
through the skull. Care was taken that the drill 
did not destruction of underlying 
Using a l-ml. syringe with a 26-gauge 


in. in length, 0.3 ml. of the brain suspension was 


cause tissue 


needle, 


inoculated intracerebrally into each dog The 


syringe was held at a 45 degree angle so that the 


into a cerebral hemis 


skin was 


inoculum was introduced 


phere After inoculation, the returned 


Institute (Gilles 
Bacteriology 


Veterinary Virus Kesearch 
Department of Pathology and 
(Rickard ) New York State 
nell University, Ithaca 

This investigation was supported in part by Swift and 
National Inetitutes 


From the 
pie) and the 


Veterinary College at Cor 


Co. and by a research grant from the 
of Health, Public Health 


Service 


and covered with a pieee of 


The bandage was held 


to normal position, 


sterile gauze and eotton 
a large overlying piece of gauze which 
was fixed to the skin by the use of surgical ad 
Usually, the 
until the skin ineision had healed 

In the first 
and each showed an elevated temperature six days 


in place by 


hesive, bandage stayed in position 


transfer, 2 dogs were inoculated 


One of these was destroyed and 


The 


showed the 


after inoculation, 
its brain removed for further serial transfer 
other dog, held 


usual course of 


under observation, 


without neurological 
32 days after in 
passage, dogs 
Both dogs developed ele 


distemper 
signs and died with pneumonia 


oculation, In the second serial 


again were inoculated, 
vated temperatures and brain specimens were ob 
tained from 1 two days later. Neurological signs 
were seen in the other animal 29 days after inocu 
lation. This dog was destroyed two days later and 
third passage 


The brain was removed from 1 


into 

other dogs. dog, 
after an elevated temperature had developed, and 
passage. Both dogs 


showed elevated temperature and 1 was destroyed 


its brain used for a serial 


was used for a fourth serial 
The other animal developed neuro 
ufter 
later and its brain was used for 


two days later 


logical signs 22 days inoculation, was de 


stroyed one day 
the fifth serial passage. In subsequent serial pas 


sages, clinieal evidence of brain involvement has 
appeared in all dogs exeept 1 six to 16 days after 
inoculation. 

It appeared that 


Snyder Hill, had been procured that was capable 


an infectious agent, designated 


of producing nervous manifestations regularly in 
material 
various blood 
slants and in sodium thioglycolate medium, 


dogs inoculated intracerebrally Brain 


from 
ugar 
showed no growth of microorganisms, and micro 


passages when eultured on 


scopically revealed no visible bacteria, Histologi 
eal examination of brain and other organs showed 
those associated with 


inclusion bodies typical of 


distemper. Accordingly, distemper virus was ob 
tained from several sources and compared in cross 
tests with the Snyder Hill agent 


tests, four strains of dis 


immunity 
In the cross immunity 


temper virus were used: (1) a strain obtained 


from the 
tained 


Fromm Laboratories,” (2) another ob 


dog showing hardpads and neuro 
ealled Buffalo strain, (3) an 
called 


(4) and another egg adapted strain obtained from 


from a 
logical involvement 
Onderstepoort strain,? 


egg adapted strain 


Lederle Laboratories.~ In a test, a dog was inocu 
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observed for 
ilIness and the 


Jated with virus intravenously and 
signs of illness for 30 days, After 
development of neutralizing antibodies, it was re 
inoculated with the same strain, and after another 
with the After 
each inoculation, the dog was observed for 14 days 
for signs of 
leukocyte variations. 


14 days inoculated other strain. 
and 


Failure to show signs of ill 


illness, temperature elevations, 
ness following reinoculation indicated cross immu 
nization, (table 1 
be seen that strain immunized 
against itself and against the Snyder Hill agent. 
In addition, from dogs infected with 
Fromm, Lederle, Onderstepoort and Snyder Hill 
strains were collected before inoculation and again 
after Kach 


tralizing capacity in 


These results are presented 


where it can each 


Serums 


serum tested for neu 
eggs against either the On 
derstepoort or the Lederle strain of egg-adapted 
In this test, between 100 to 1,000 infectious 
egg. Twofold 
dilutions of a serum were prepared and each dilu 


recovery wis 


virus 


doses of virus were used for each 


tion mixed with virus, placed in a refrigerator for 
two hours and 0.2 ml. of each mixture then inoeu 
lated on the chorioallantoie membrane of five eggs 
that had 
After further ineubation for 


been incubated for seven to eight days. 
seven days, the cho 
membrane examined for lesions, 
find 


Before inoculation, the serums from 


rioallantoie wis 


Failure to lesions ijindieated neutralization 
none of the 
After 
infection, and reeovery, all serums neutralized vi 
rus in dilutions that ranged from 1:160 to 1:1280. 
Since serums from dogs which had recovered from 
with the Snyder Hill agent 


virus the same us did serums from dogs that had 


dogs neutralized virus in a dilution of 1:5, 


infection neutralized 


recovered from known strains of distemper, this 
was considered further proof of the antigenie sim 


ilavity of the Snyder Hill agent to distemper vi 


TABLE 1—Cross-Immunity Tests in Dogs of the 
Snyder Hill Strain with Four Other Strains of 
Distemper Virus 


Dogs IMMUNIZED WITH THE 
Teast Strain 
Fromm 
buffalo 
Lederle 
Onderatepoort 


Snyder Hill o/2 


STRAIN 


CHALLENG BY THE Hitt STRAIN 
Immunizing Strain 

Fromm 

Huffalo 

Lederle 

Onderstepoort 


Snyder Hill 


* Same dogs 
affected 


Numerator number of dogs denominator 
number of dogs inoculated 

When the immunized for this comparison 
inoculated Fromm, Buffalo, and Snyder 


Those inoculated 


were 
those with the 
Hill strains, all showed signs of illness 
with the Onderstepoort or with the Lederle 
mild or no clinical signs 

In all immunized dogs, antibodies 
which neutralized the Onderstepoort or the Lederle 
in embryonated eggs 


dogs 


strains had 


were demonstrated 


strain 
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rus. It was coneluded, therefore, that the Snyder 


Hill agent was distemper virus. 
Dogs Propucep BY Snyper HILL! 
DisTeMPeR VIRUS 


DISEASE IN 
STRAIN OF 

Production, used in the study were 
They 


litter of 5 


The dogs 
were 12 to 20 weeks of age, ex 


5 weeks old, and 


mongrels, 


cept one which were 


TABLE 2—Neurological Manifestations Shown by 
Dogs Inoculated with the Snyder Hill Strain of 
Distemper Virus 
Death 
vithout 


observed 


Epilep 
tiform 
Myo 


clonus wal signs 


Route of convul neurolog 


inoculation sions 


Intracerebral 51/60 
Intravenous 


Subcutaneous 


5 
Intranasal 0 
Contact ‘ 


than 45 days 
affected 


Dogs were observed for longer 
Numerator—number of 
of dogs inoculated 


dogs denominator 


number 


Ithaea. 


obtained, placed 


all had from farms near 
Litters of 
in isolation, and observed for a 


One 


heen procured 
4 or more dogs were 
more for 
litter 
tested for susceptibility to distemper virus before 
When they developed illness 
litter 
sidered susceptible to distemper 


week or 


signs of illness, dog from each wis 


the others were used. 
mites were con 
suitable for 


following inoculation their 
and 
this study. 

Dogs 
by other 


were inoculated intracerebrally and also 


methods for comparison. For inocula 


tions intracerebrally, continuous serial passages 


using | or 2 
In all, 66 dogs were inoe 


were made as previously described 
dogs for each transfer. 
ulated in 35 serial For other routes of 
1 ml. of a 10 per 


brain or of spleen with virus that had 


passages. 


inoculation, cent suspension in 


saline of 


been transferred nine or more passages, intra 


cerebrally, was used, In these tests, 32 dogs were 


inoculated intravenously, 12 subeutaneously, and 


1 intranasally. In addition, 11 dogs were exposed 
by placing them in the same room with others that 
had been infeeted, 


were observed 


dogs 
unless convulsions or 


Following inoculation, all 


daily for 45 days or longer 
death supervened, Temperatures were taken eaeh 
day and leukoeyte counts were made daily on most 
again 
to four weeks afterward, blood was obtained from 


of the dogs. Prior to inoculation and two 
some dogs and serum separated from the clot for 
Also, 31 of the dogs 
destroyed after the 


and 


neutralization tests. inocu 
lated 
development of 
portions of brain 
pathological study. 
Results.—Of 60 dogs 
cerebrally (table 2) 
days or longer, 51 


intracerebrally wer 
neurological manifestations 


were removed from each for 
inoculated intra- 
observed for 45 


epileptiform 


and 
showed 


' 
Total 
1/60 5/60 57/60 
2/12 0/12 5/12 
ot 
4/11 
= | 
0/20* 
- . 
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convulsions, 1 developed myoclonus, 5 died 
without observed neurological signs, and 3 
showed generalized signs of illness only 
Of 32 inoculated intravenously, & 
showed epileptiform convulsions while 6 
developed myoclonus and recovered. Of 11 
dogs exposed by contact, 4 showed epilepti 
form convulsions, and of 12 inoculated sub 
cutaneously, 3 showed epileptiform con 
vulsions and 2, myoclonus. Of 4 inoculated 
intranasally, showed neurological 


dogs 


hone 


Clinical intrave 
usually 
after 


was delaved 


Features, Dogs given virus 


noushy developed an elevated temperature 
some the 


Similar 


two days inoculation although in 


onset as long as eight days. 
incubation periods were found for dogs inoculated 
dog failed 
a temperature elevation until the onset of 
Klevated 
dogs 


intracerebrally although un ocensional 


to show 


nervous manifestations temperatures 


developed in about five days in inoculated 


subcutaneously and in about six days in those in 


oculated intranasally or exposed by contaet, Usu 


ally the 
although some remained high for 


temperatures followed a diphasie pattern 
most of the ill 
Leukopenia was found in most dogs and the 


throughout the ill 


Hess 
eount remained low 
The 


as congestion of the conjunctival membrane and a 


Hess usual catarrhal signs of illness, such 
serous discharge from the eyes and the nose, de 
after the Later, 
diarrhea usually developed and a few dogs showed 
pneumonia, Exeept for a few 
all dogs that developed marked neuro 
logical died, All 
except a few that developed pneumonia, 

Most of the dogs 


had a syndrome characterized by several or all of 


veloped shortly onset of fever, 


signs of showing 
myoclonus, 
recovered 


complications others 


with nervous manifestations 
the following: depression, myalgia, myoclonus, in 


coordination, ecireling, epileptiform convulsions, 


death. The 
usually occurred one to two days before death, 

Pathology. logs that 
neurological manifestations furnished material for 
this study. In 
3 that 
tivated virus 
aetivation of the Snyder Hill strain in brain tissue 


coma, and epileptiform convulsions 


Brains from 31 showed 


addition, 2 uninoculated dogs and 


were inoculated intraecerebrally with inane 


were ineluded for eomparison, In 


was attained by heating the 20 per cent suspen 
for After 


of them placed in a 


sion at three hours. necropsy, 


removed and 22 


brains were 


volume of 10 per cent aqueous formalin solu 
week at 


large 
tion for 
After 
various parts of the 


about one room temperature, 


fixation, thin slices of tissue were eut from 


brains. In the preparation of 


brains from ° dogs in which convulsions had oe 


eurred and from 2 uninoculated dogs, thin slices 


were cut, placed in susa fixative and in LO) pet 


eent formalin, and kept in the refrigerator for 24 


hours. The brains from the other dogs which had 


shown nervous manifestations, and from the 3 
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Dogs 


inactivated 


placed in a 


been virlis, 


large 


whieh given 


volume of LO) per cent 
formalin immediately after euthanasia and refrig 
week; then, 


fixation, slides were prepared, stained 


aqueous 


were eut 
with 
with 


erated for one thin slices 


hematoxylin some 


anal, in 
Mallory 
Also, frozen sections of forma 
infected dogs 


chromated for 


and eosin 


azure eosinate and phosphotungstic 


acid hematoxylin 


lin-fixed cerebellum from some nnd 


were three 


Lillie’s teehnique for 


from 5 control dogs 


days and stained by myelin 
and degenerated myelin 
The cerebellums of all the 31 dogs that 


developed nervous manifestations showed 


perivascular cuffing, nonsuppurative lepto 


= - 


Fig. 1—Photomicrograph of cross section of dog 
cerebellum. Notice five degenerating Purkinge cells 
(D) and vacuoles (V) where two others apparently 
have disappeared. Hematoxylin and eosin. x 760 
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meningitis with variable accumulations of 
mononuclear cells, neuronal degeneration, 
and vacuoles in the white matter. Many 
Purkinje cells showed degenerative changes 
(fig. 1). Numerous cells showed pyknosis 
while other cells appeared swollen and 
their Nissl granules were small and indis- 
tinet. Some Purkinje cells had a zone free 
of Nissl granules around the nucleus and 
the nuclei of some cells had migrated to 
the edge of the cell. Other Purkinje cells 
had faded so that they were almost unrec 
ognizable and apparently were undergoing 
cytolysis. Neuronophagia was not recog 
nized. Vacuoles seen in the white 
matter of the cerebellum of inoculated 
dogs; however, some similar small vacuoles 
were found in the control dogs. The vacu- 
oles did not have a perivascular distribu- 
tion. Degenerated myelin was not demon- 
strated in frozen cerebellum 


were 


sections of 


Fig. 2—Photomicrograph of cross section of dog 

cerebellum. Notice glial cells with intranuclear 

inclusion bodies (arrows). Hematoxylin and eosin. 
x 760. 
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from dogs that were destroyed seven to 16 
days after inoculation 
the cerebellums of a few dogs and, in gen- 
eral, was most marked in dogs that devel- 


Gliosis was seen in 


TABLE 3—Effect of Intracerebral Inoculation of 
Snyder Hill Strain of Dogs Recovered from Viru- 
lent and from Attenuated Egg-Propagated 
Distemper Virus 


Results of intracerebral inoculation 


Immunizing strain of adapted Snyder Hill strain 


Snyder Hill 0/20 
Egg propagated virus 
Uninoculated 57/58 


Numerator—number of dogs that showed neurological 


manifestations or death: denominator number of dogs 


tested 
eped nervous manifestations 22 or more 
days after inoculation or contact with in- 
fected dogs. Uninoculated dogs and dogs 
inoculated with heat-inactivated Snyder 
Hill virus did not show any of these 
changes. 

Numerous gitter cells and intranuclear 
inclusion bodies in glial cells (fig. 2) were 
found in the cerebellums of the 2 dogs that 
developed neurological disturbance after 
the longer intervals, 22 and 29 days. Tis- 
sues suitable for frozen sections and mye- 
lin stains were not available from these 
but the gitter indicated a 
demyelinating process (fig. 3 and 4). In- 
clusion bodies were not found in the cere- 
bellums of the that developed en 
cephalitis in the shorter intervals after 
inoculation, although it is possible that ex 
haustive search might have shown 
present. 

Immunity. 


dogs, cells 


dogs 


Regularity of signs of 
duced by intracerebral inoculations of the Snyder 
Hill offered a 
good test for immunity 
Accordingly, 20 dogs that had 
Hill 
nously, intranasally, intraperitoneally, or exposed 
hy contact, were given the Snyder Hill 
tracerebrally after In addition, 5 dogs 
that had been given a vaccine strain of egg-prop 
obtained 


illness pro 


strain possibility of providing a 
in recovered or vaecinated 
dogs. been given 


Snyder virus either subcutaneously, intrave 
virus in 
recoy ers 
Lederle Laborato 


Hill 


uninoculated 


from 
Snyder 


agated virus, 


ries,” later were given virus intra 
Fifty-eight 
included as controls 
None of the dogs after 
tion with either virulent 
propagated virus showed 
manifestations or death when given the 
adapted Snyder Hill strain intracere- 
brally, whereas 57 of 58 previously uninoe 


ulated dogs did (table 3). 


cerebrally. dogs were 


previous infec- 
virus or egg- 


er 


neurological 
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DISCUSSION 


A strain of distemper virus designated 
Snyder Hill was obtained from a dog with 
distemper and has been transferred intra- 
cerebrally through 35 serial passages. As 
reported in 1951," inoculated dogs ini 


tial transfers developed either the catar 
rhal form of distemper only, or they 
developed epileptiform convulsions more 


than 22 days after inoculation. Beginning 
with the fifth passage, neurological mani 
festations have appeared with regularity 
6 to 16 days after inoculation. In a recent 
paper, reported similar results 
with this strain. On histopathological ex 
amination of brains from dogs with epi 
leptiform convulsions, perivascular cuffing, 
nonsuppurative meningitis, and neuronal 
degeneration characterized the lesion pro- 
duced by inoculated virus. 

Ability to transfer distemper virus by 
intracerebral inoculations was reported by 
Puntoni in 1923° and again in 1924) In 
1951, Bindrich* reported a strain of dis 


Cabasso 


Fig. 3—Photomicrograph 
of cross section of dog 
cerebellum. Lower magni- 
fication of figure 1 show- 
ing vacuolation (arrows) 
of the cerebellum of a 
dog that developed ner- 
vous manifestations 22 
days after intracerebral 
inoculation and was de- 
stroyed one day later. 
Hematoxylin and eosin. 
x 80. 
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temper virus transferable in series by sub- 
occipital inoculation of spinal fluid’ that 
produced encephalitis. In) 1951, Mansi 
also reported on a strain of distemper vi 
rus that produced encephalitis Further 
more, Mansi made careful comparison of 
his strain with distemper virus and could 
find no antigenic difference, Both in cross 
immunity and in neutralization tests the 
Suyder Hill strain also proved to be anti 
venically similar to four other strains of 
distemper virus, including two that had 
been egg-propagated and another from a 
dog showing encephalitis and hardened 
foot pads, 

Intracerebral inoculations produced epi 
leptiform dogs 
after the fourth transfer, while in initial 
transfers only some dogs were affected, It 
appeared that virus underwent some form 
of adaptation to the brain by intracerebral 
transfer. Inoculations of virus by other 
after nine or more intracerebral 
transfers, however, produced epileptiform 
convulsions in only 15 of 59 dogs. Failure 


convulsions 57 of 58 


routes 


N 


a 
ta 
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Fig. 4—Photomicrograph of cross section of dog 
cerebellum. Lower magnification of figure 2 show- 
ing marked lesions of demyelinating encephalitis 
(arrows) around the fourth ventricle of the brain 
of the dog that developed nervous manifestations 
29 days after intracerebral inoculation and was 
destroyed two days later. Hematoxylin and eosin. 
x 160. 


to achieve regularity in the production of 
encephalitis, by routes that would simulate 


natural means of transmission, may be 
caused by other factors as well as by the 
type of virus. 

It is interesting that dogs 
from the catarrhal form of distemper or 
given egg-adapted virus are fully immu- 
nized to intracerebral inoculations of the 
Snyder Hill strain. Since some dogs show 
almost inapparent illness following inocu- 
lation, intracerebral inoculation of the 
Snyder Hill strain provides a good method 
of testing immunity to distemper. 


recovered 


SUMMARY 


An agent, designated as Snyder Hill, 
from a dog showing signs of generalized 
distemper infection only, has been trans- 
ferred in series by intracerebral inocula- 
tion into other This agent was 
identified with distemper virus by ecross- 


dogs. 
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immunity and neutralization tests with es- 
tablished distemper strains. Thus far, 35 
serial intracerebral transfers have been 
made. In initial passages, some inoculated 
dogs developed epileptiform convulsions 
after more than 22 days. Beginning with 
the fifth passage and in all subsequent 
transfers, neurological signs have appeared 
regularly six to 16 days after inoculation. 
Histological studies of affected dogs 
showed an encephalitis. Perivascular cuf- 
fing, nonsuppurative leptomeningitis with 
variable accumulations of mononuclear 
cells, and neuronal degeneration were the 
principal changes found in dogs that showed 
nervous signs after the shorter incubation 
periods. In two dogs that showed nervous 
manifestations after 22 and 29 days, there 
was also demyelination as evidenced by 
vacuoles and gitter cells in the white mat- 
ter of the cerebellum and inclusion bodies 
in glial cells. After the fourth passage, all 
except 1 dog inoculated intracerebrally 
with adapted virus showed epileptiform 
convulsions or died without observed neu- 
rological signs. Only a fourth of the dogs 
that were inoculated by other routes 
showed these signs. 

Apparently a form of distemper virus 
has been procured, and a method of inocu- 
lation found, that would regularly pro- 
duce encephalitis in dogs. Dogs recovered 
from the generalized form of distemper in- 
duced by the Snyder Hill strain or by an 
attenuated egg strain were fully immune 
to intracerebral inoculations with the 
Snyder Hill strain. 
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An Epizootic of Equine Infectious Anemia 
in Race Horses in Mexico 


M. SCHERAGO, D.V.M.; GERARDO VARELA, M.D.; and ALINE S. HOFER, D.V.M. 
Ue rico, DOF 


Av THE invitation of the Hipodrome de las 
Americas in Mexico, the senior author ar- 
rived in Mexico on Aug. 3, 1954, to partici- 
pate in an investigation of an epizootic 
among the horses at the track. The disease 
had apparently been prevalent at the track 
for over two years and had been diagnosed 
as babesiosis or anaplasmosis, or both 


History oF THE OUTBREAK 


According to Dr. Alfonso Arzave, at 
tending veterinarian, the first cases of the 
disease were observed in June, 1952, at two 
stables. Signs observed were fever, depres 
sion, anorexia, congestion, and slight jJaun 
dice and, occasionally, hemoglobinuria, 
The clinical and laboratory diagnosis was 
equine piroplasmosis. The animals were 
treated with tripaflavine, aralen and 
acaprin and they rapidly improved. How 
ever, after about two weeks, some of them 
suffered and were again 
given specific and supportive treatment in 
an attempt to speed recovery. 

At the beginning of 1953 the outbreak 
seemed to be under control, but in Septem 
ber, 1953, new outbreaks appeared in ani 
mals quartered in other stables. These 
outbreaks seemed to coincide with the ar 
rival of horses from a ranch where the 
animals had spent a rest period. On this 
ranch, 12 to 13 colts had reportedly fallen 
ill and died with similar symptoms. 

Since then the disease has extended to 
many and the above mentioned 


relapses these 


stables, 
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treatment, supplemented with arsenicals, 
bismuth slts, aureomyecin,® chloromyce 
suhanilamide, enterovioforme, vita 
mins, and liver extracts, has failed to give 
satisfactory results. The animals appar 
ently responded but suffered relapses at 
more or less regular intervals. The labora 
tory has reported the finding of Babesia 
equi and also ** Anaplasma in the blood 
smears obtained from the diseased horses 

The first horse presented for necropsy 
was Tea Pal. Findings were emaciation, 
slightly yellowish and 
membranes, subcutaneous gelatinous exu 
date, marked and hemorrhage 
(petechiae to suffusions) of most of the ab 
dominal and thoracic organs, and red in 
farctions in the ventricles. No 
were found in smears from the blood and 
from the splenic pulp 

Early in 1954, another form of the dis 
ease began to appear 
a watery, nonfetid, 
which was resistant to all treatment 
included) anorexia, of weight, 
weakness, and depression. Usually there 
was no fever. The attacks of diarrhea al 
ternated with periods when the feces were 
more or less normal but were covered with 
mucus. Some animals developed edema of 
the genitalia. The laboratory reported 
finding Babesia equi and ** Anaplasma !"’ 
in blood smears from these horses 

On June 30, 1954, 
experimental inoculations: one, 
Gone, with blood obtained from 
Thorn, a horse with the fever-type 
ease and a temperature of 106.3 F. on the 
day the blood was taken; the other, Du 
kery, with blood from HL. Bone, horse 
with the diarrhea-type of disease. Time 
Gone developed the fever type of disease 
after seven days, while Dukery appeared 
to develop only a slight rise in’ tempera 
ture, Henee, on July 16, Dukery was in 
oculated with blood Time 


corneas 


congestion 


parasites 


The main sign was 
diarrhea 
Other 


persistent 


loss 


2 horses were given 
Time 
Short 

of cis 


obtained from 
Crone. 
There was no laboratory record on the 


presence or absence of parasites in Short 
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Thorn's blood prior to its use; however, 
blood smears obtained from Time Gone on 
July 13 and 14 showed the presence of 
Babesia equi, On July 26, Time Gone died 
and on necropsy the findings were similar 
to those in Tea Pal 

When Dukery failed to react to the in 
jection of blood from Hl. Bone, and also 
from Time Gone, he was fed a suspension 
of feces from H. Bone. He continued to 
be refractory. On July 30, he was inocu 
lated with blood obtained from Crisbone, 
a horse with the fever-type of disease and 
a laboratory report of ‘‘anaplasmoid”’ 
forms in his blood. On day nine, his tem 
perature was 102.2 F., on day 13 105.4, 
then it gradually dropped to normal 
(100.2) by day 19. He had remissions 
from August 25 to September 10, and from 
September 25 to 30 when he died. At nee 
ropsy, the lesions were similar to those of 
Time Gone No parasites were found in 
the blood 

On the basis of symptomatology there 
were two groups of horses, those suf 
fering primarily from fever and 
those with marked watery, nonfetid 
diarrhea. 

There apparently had been more than 
70 horses with the fever-type, with at least 
15 deaths, and 5 or more with the diarrhea 
type, with no deaths, in a little more than 
two years. As our study began, there were 
some 20 horses with the fever-type and 5 
with the diarrhea-type. Babesia equi or 
Anaplasma, or both, had been reported as 
responsible for both types of the disease. 


Case Histories 

Since the case histories were similar for 
the horses in each of the two groups, we 
are presenting a typical one for each, case 
1 (Blue Betty) an F horse that died and 
case 2 (Neddie’s Pal) a D horse. Since no 
deaths occurred among the D> horses, we 
are presenting a brief necropsy report on 
a D horse (case 3) that was destroyed. 

Case 1.—Blue Betty (F type) was 3 
years old; the date of onset is not known, 
Her temperature from July 1, 1954, until 
her death on August 14, fluctuated be 
tween 100.2 and 105.8 F. On August 6, she 
appeared dull, with head lowered. She re 
fused grain but ate some alfalfa and drank 
more water than usual. Her feces and 
urine appeared normal but the amount of 
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urine was increased. Urticarial spots, 
about 2 by 1] em., were seattered over her 
sides and back, with edema of the ventral 
surface of the body, particularly toward 
the anterior portion and around the joints 
of all four legs. Her gait, particularly the 
hindlegs, was unsteady. The mucous mem 
branes of the mouth and nose were slightly 
icteric, as were the conjunctivas. There 
were a few petechiae under the tongue and 
on the mucous membrane of the vagina. 
The temperature was 104.2 F., pulse 80, 
and respiration 20. No ticks were found 
on this animal or in her stall 

She received 26 injections of aralen be 
tween July 2 and August 10 and on Au 
gust 5, 6, and 7 injections of aricil also 
Blood smears taken daily from August 6 
to 14 revealed no parasites. At necropsy, 
about two hours after death, the findings 
were not unlike those deseribed for Tea 
Pal 

Pieces of various organs were frozen for 
future study. Inoculations from these or 
gans (prior to freezing) into egg medium 
and nutrient broth and streaks on endo 
and SS agar plates yielded no significant 
microorganisms. The renal calyx material 
also proved negative 

Microscopic examination of the various 
organs revealed marked congestion and 
hemorrhage in most; cloudy swelling and 
necrosis of the hepatic cells; fatty degen- 
eration and cloudy swelling of the renal 
tubules, many of which were necrotic, 
and infiltration of lymphoeytes and 
plasma cells around the blood vessels and 
the glomeruli; and marked hemosiderosis 
in the spleen and liver 

Case 2.—Neddie’s Pal (D type), a 4 
year-old gelding, won a race Dee, 12, 1995 
On January 4 or 5 he started having se 
vere diarrhea, had a temperature of 1004 
KF. and refused feed for a week, Since then 
he has eaten a little but has had alternat 
ing periods of diarrhea and of normal 
bowel movements, the latter once lasting 
two months. He lost approximately 100 
ky. in weight. During the periods of diar 
rhea, there was edema of the hind legs 
below the stifle. At first, there was pro 
nounced tenesmus with constant fluid evac 
uations. Even when the bowel movements 
were normal, there was tenesmus and some 
liquid at the end of the evacuation. The 
feces, when normally formed, were always 
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with a slight film of mucus but 
never any hemorrhage. During periods of 
intense diarrhea, his muzzle was cold, his 
mouth dry with petechiae in the mucous 
membrane and blisters in the gums and 


coated 


tongue. The urine was dark and was 
voided with tenesmus. 
Of the various medications which this 


animal received, none proved efficacious. 

At one time, the laboratory reported the 
isolation of ‘Shigella 
Flexner Vi Neweastle’’ from the feces; at 
another, the finding of B. equi in the blood 
smears and, on June 18 reported, ‘stained 
blood smears showed no protozoa.”’ 

On August 5, he appeared to be in fair 
condition except for the marked diarrhea 
lis appetite was good, there were no signs 
of colic, but there were frequent and co 
pious evacuations of fluid and sometimes 
gaseous, but not fetid, feces. The walls of 
the stall almost completely 
stained from the height of the horse to the 
floor. No intestinal parasites ticks 
were found 

While being and variously 
treated daily for six weeks, the feces were 
well formed but were coated with mucus, 
His maximum temperature was 102.2 F. 
and was high only during periods of diar 
rhea. On September 14, there was no 
change in the condition of the animal. 
Dover Sky (D type), a 4-year- 
old gelding, had a persistent diarrhea since 
Mareh, 1954, at which time the laboratory 
reported finding B. equi in his blood, Clin 
ically, his case was much like that of Ned 
die’s Pal, except that he became extremely 
emaciated. When killed, on September &, 
the necropsy findings were extreme emaci 
ation, membranes, deep 
yellow subcutaneous tissues, icteric perito 
neum, hemorrhagic lymph 
rhage of the various organs, but not as 
marked as in F horses except in the mu 
intestines 


paradys¢ nterica 


were feces 


observed 


Case 3. 


pale mucous 


nodes, hemor 


membrane of the small 
there large 
as long as 15 em.), 
in the long bones. 

The histopathology revealed marked con 


areas of hemor 
and pink mar 


where 
rhage 


were 
row 
and hemorrhage in most 
marked fatty degeneration of the 
tubules; cloudy swelling and fatty degen 
eration of the hepatie cells; and marked 


restion organs; 


hemosiderosis in the spleen and liver 
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LABORATORY STUDIES 


Evramination of Stained Blood Smeai Sines 


the laboratory study 
that blood 


vealed the presence of ** Babesia equi’? or ** Ana 


reports prior to out 


smears from many of the horses re 


plasma or both, blood smears were obtained 


some from the ear and some from inside the lower 


lip, from all horses that showed signs associmted 
with F o1 


blood had been previously 


D types Ineluded were all the survivors 


whose reported to eon 


tain Babesin or Anaplasma The smears wer 


stuined with Giemsa’s stain and examined No 


structures resembling either B Anaplasma 
other 
Hlowell Jolly 


erythrocytes 


equa or 


or any parasites were found, In praetieally 


bodies were oceasionalls 


Most of the 


found in the rs 


showed poikiloeytonis, and poly 
chromatophilia 

Daily temperatures and smears were taken from 
ill the horses that had been examined previously 


and from all new enses Any horse that showed 
a fever had his blood examined immediately, and 
then every six hours as long as the temperature 


remained elevated. Smears were taken each morn 


until a relapse oecurred All 


but, 


ing and evening 


were negative for purneite praetientls 
all smears from the siek horses showed oceasional 
Howell dolls 
and polychromatophilia 
Bacto rioloqical Studies 


holes, poikiloevtosis 


Blood from 


incubated both 


cultures 


horses, 


both groups of 
and annerobieally, vielded no significant re sults 


Feeal 


organisms, Smears, 


pathogenic micro 


neid-fast baeten 


eultures vielded no 
stained for 
were hegutive 

Keeal 


fecal examinations 


Vicroparasites 


vamination for 


quent showed no protezon or 
other microparasites 
Tuberculin Teast 


Tubereulin, on the 5 DD horses were 


lntradermal tests, with Old 
negative 

Failure to find micropara 
microorganisms that 
failure to fined the 
Rhiprce ph 


associated with the transmis 


Animal Inoculation 


sites or other might aceount 


for the eonditions and spree ie 


of ticks (Dermacentor reticulatus and 


alus evertsi) usually 


sion of equine babesiosis, plus the absence of an 


record of a proved outbreak of equine ahaplas 


particularly on this he misphere, the 


diagnosis of babesiosis or anaplasmosis untenable 
The symptomatology, pathology, unsanitas er 
vironment, and a history of having used ‘the 
common syringe’’ for the injeetion of medication 
into several horses at the stables, indicated ling 
nosis of equine infectious anemia Neve 


the daily search for blood put ite continu 


plans were made to earry out animal inocu 
and other tests 

Differontial Diagqnos hy Animal Tnoculati 
Th differential diagnosis of equine inf i 
anemin is diffieult. Sinee many consider tl “iu 
ecossful transmission of the disense to t! 
horse the onl reliable method, we deed te 


pis 
1 
2 
3 
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> 
| 
i 
‘ 
: 


inoculate horses with blood from both the Fo and 
> horses, Of nonsolipeds, the pig is considered to 
be the most susceptible to the virus of equine in 
fectious anemia. Henee, we decided to inoculate 
Pinee splenectomized donkeys have been re 
ported fo be especially susceptible to infection 
ith Brqui, we planned to injeet both spleneeto 
mized and nonspleneetomized donkeys. However, 
attempt» to splenectomize donkeys proved unsue 
cosstul so nonsplenectomized donkeys were used 

The animals used for inoculation were obtained 
from farms near Mexico City. Small pigs (8 Ib. 
vere obtained since young pigs might be more 


susceptible than older ones The horses were 
etubled at the Sehool of Veterinary Medicine, 
thout five miles from the Hipodromo de las Amer 


icus: the pigs and donkeys at the Instituto de 
Enfermedades Tropicales, about four blocks from 
the Sehool of Veterinary Medicine 

For the animal inoculations two pools of blood 
were used, one from a group of 7 F horses and 
the other from a group of 5 D horses. Ten min 
utes prior to bleeding, each horse was given 2 ml 
of 1:1.000 dilution of adrenalin intravenously 
in an attempt to foree the spleen to shed anys 
microparasites that might be present there inte 
the cireulating blood 

Kuch pool of blood wis divided into two pot 
tion The plasma from one portion from each 
pool was filtered through a sterile Seitz filter, The 
filtered plasma from the F pool was divided into 
two portions, One portion was mixed with a fil 
trate obtained by triturating the frozen and 
thawed viseern from 1 F horse (Blue Betty and 
filtering it through a Seitz filter The materials 
injected into each animal and the reactions ob 


tnined are given (table 


identi Material injected 


fleation (Sept. 2, 1954) 


M 10 ml. whole F blood Fever in 14 days 
“ 10 ml. whole D blood Fever in 18 days 
‘ 10 ml. mixture of equal parts Fever in 10 days 


of filtered F plasma, filtered D 
plasma and filtered 1B 
triturated tissue 


DONKE 
SN 5 mi. whole F blood None 
164 5 ml, whole D blood None 
155 equal parts filtered None 
plasma and filtered BES tissue 
156 5 mi. filtered D plasma None 


me 5 ml. whole F blood Purpurt 
day 4 

145 5 ml. whole D blood Purpuri« 
swollen 

5 ml, filtered F plasma Purpuri 

145 5 ml. filtered D plasma 

TR 5 mil. filtered BB tissue Purpuri 

PN 5 ml. pooled whole blood from Outlived 


two normal horses injected 7 
days later than the other 
pigs, (Sept. 


All pigs were reported (hy G \ to have died 
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Hor 
oculat 
taken 
found 

Hor 


blood, 


104.0, 


days 


Horer 


JANUARY 
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ses were if 


smears 


but none 


were 


Wis 


of whole F 


103.1 F 


01.8, 


normal for 


again 


two 


hor 


se Tnoculations tefore the hor 

ed and daily thereafter, blood 

and examined for parasites, 

xe M, whieh received 10 mi. ¢ 

developed temperature of 
postinoeulation day 15, followed by 1 

and 102.2 F It was then 

then was 103.8 on day 22, then 

or two days. This animal had relapses be 


mal f 


tween days 26 and 


and 6 


postinoculation day 
and = the 


, 


1,000 


min 


139, 


November 
so was killed, The necropsy findings were similar 


Tea Pa 


to those 


long bones was dark yellow and gelatinous. 


M ieroscopie 


gestion 


200 man 


26 (clay 


found in 


31, days 44 and 45, days 60 
7 after inoculation, On 

17, the erythrocyte count Was 
sedimentation rate was 10 
154, and 24 hr 165. By 
85) the animal was prostrate 


hemorrhage 


and days 74 and 7 


examination 


marrow 


reve aled 1 


in most 


; 


rked 


of 


the 


marked 


cloudy swelling and fatty degeneration in the kid 


Heys 


spleen. 


Horse 


blood, 


postinoculation day 


and 


liver; and 


G, which 


developed 


marked 


received 10 


temperature 


x th 


en 103.8, 


mil of whole D 
of on 
106.2, 102.2, 


hemosiderosis 


the 


and 1013, returning to normal for five days with 


relapses between days 


nd 26, days 


29 and 35 
59 and 60, and days 78 and 


postinoculation day 85, the animal had «e 


veloped an unsteady gait and two days later de 


days 46 and 49, days 

SN. 

veloped diarrhea On «da 
count was 3,770,000) and 
was: ZO min 124, 60 m 
148. On November 30 


moribund, so it 


spots on 


died on 


spots on 


h 


indlegs 


spots on 


spots in 


horses: BB—tissue filtrate from Blue Betty was used 


mates 


from 


elhows and 


TABLE 1—Animal Inoculations 


day 
ehin 


by 


left 
Purpurie spots on right foreleg and wobbly hindlegs by day 4 


Reaction 


50 days 


abdomen 


day 4 


lew by day 


inguinal region 


no record 


to 


16 days 


moribund in 46 days 
moribund in 90 days 
died in 


elbe 


and 


available 


y 


the 


erythrocyte 


the sedimentation 


in 142, 


(day SY 


was killed 


paralyzed in 


we 


hindlegs 


ete ar 


perineum 


of 


fever 


time 


and 24 
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necropsy fine 
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were similar to those found in horse M, except 
that the bone marrow was pink, 

Horse C, a colt, received 10 ml. of a mixture of 
equal parts of filtered F plasma, filtered D plasma 
and filtered triturated tissue from Blue Betty (1 
of the F horses that died) on Sept. 2, 1954. Its 
temperature on the day of inoeulation was 101.7 


F. The next two days it was 102.6, on postinocu 
lation days 3 to 7 it was 102.2 or less but on days 
Sto 11 it was 103.1 to 103.3. It dropped to 102.2 
on day 12, rose the next day to 104.2, remaining 
elevated for seven days (105.4, 105.8, 105.4, 104.7, 
104.4, 102.4, 103.6 This 
lapses on days 28 to 31 and on days 46 to 52. On 


and animal had re 


October 18 (day 46) the erythroeyte count was 
5,040,000 and the sedimentation rate was: 10 
min.—120, 20 min. —138, and 24 hr.-157. The 
colt died on day 52. The neeropsy findings were 


similar to those of horse G. 
The 4 donkeys inoculated 
all appeared to be refractory. 

Five pigs 
to determine whether the equine disease 
A sixth pig, used as a 
control, was injected one week later with a pool of 
blood from 2 horses that had 
tions of any kind. Blood smears 
them at the time the blood samples were 


Donkey Tnocutlations. 
(table 1 
Pia Inoculations. 
(table 1 
was transmissible to swine. 


were inoculated 


received 


obtained from 
obtained 
showed no parasites. 


In from four to five days after injection all the 


inoculated 


pigs developed purpuric spots on the 


TABLE 2—Results of 


Horse 


(Name) Reaction 


Number 1 
Number 2 1 
Number 

Number 4 


to te te te te 
x 


Crishone 


12/21/54 6 Awrility 
12/21 ‘54 7 Short Thorn 
12/21/54 No Name 
12/28/54 Bandera Necra 2+ 
12/28/54 Alianza 
12/2n/54 11 Camionere 
12/28/54 12 Polly D 
1/1055 13 Tormentosa 
1/10/5 i4 Soot and Sand < 
1/10/5 15 Polly D 1 
1/10/55 16 Radamés 
1/105 17 Alacran ‘ 
1/10/55 Pons 
1/14/55 Giran Danés 
1/14/55 20 Short Thorn i 
1/14/55 21 Dona Trampa i. 
1/14/55 22 Aparecido 4 
1/14/55 23 Maldite 
14/55 24 Polly D 1+ 


very slight or no inhibition of hemolysis 
doubtful 


slight inhibition of hemolysis 
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skin (fig. 1) of the abdomen, legs, the perineal 


region or the inguinal region. These spots gradu 


ally faded and after a week were hardly notice 
able. Three of the pigs, 159 ( F blood), 145 (D 
blood), and 148 (filtered Fo plasma), also devel 


oped wobbly swollen hindlegs by 


and the 


postinoculation 
day 5 legs of pig 149 


paralyzed by day 6, 


were completely 
The conjunetivas of all the 
(tissue filtrate from Blue Betty 
day S. By day 13 
and ap 
and at 
markedly congested abdom 
these 


eosin, 


pigs except TR 
and the eontrol were pale by 
still 
Pig 150 died on day 12 


showed no lesions 


the control pig 
peared normal, 
necropsy showed only 


inal lymph nodes. sections of 


glands, 


Histological 
with 
showed the same thing. 


stained hematoxylin and 
The larynx, trachea, kid 
bladder 
petechine were found, 

The other 4 
(G.V.) to have died by 
to have 
control pig 
available of when it died. 


neys, and urinary appeared normal, No 


inoculated pigs were reported 


postinjeetion day 16 and 
emaciition 


showed and pe 


outlived its mates, but no 


Tissues from the pigs, whieh had been preserved 
by freezing, were thawed, triturated with physio 
logical salt solution, and filtered through a Seitz 
filter. 
injected 
pigs. All the 


Fiveonilliliter amounts of the filtrate were 


subcutaneously into a second series of 


voung pigs developed weakness, es 
pecially of the hindlegs, and diarrhen and died 14 


days after they were injected, ** The lesions were 


Complement-Fixation Test 


Comments 


Onset July 20, 4 attacks; no relapse 
11; does not race well 


since Sept 


exhausted after half the 


course 
Won two races recentl 
Still attacks 
cently 


periodic fever third in «a race re 
heen sick 
1054 


died a few 


Never known to have 
October 
Hiad several attacks 


Last 
hours after blood 
was taken 


Had several acute attacks; died Jan. 22, 1955 


Became sick on Dee. 11, 2 acute attacks, died 
Jan, 17, 1955 

Died shortly after saniple as taken 

Last attack Ortober, 1454 

See number 12 

Still periodic fever attacks 

Just recovered from fever attach hen blood as 
taken 

Never known to have been sich 

Last attack months aco on race recent 

See number 7 

No relapse recent! 

Just recovered fron 1 fever attack hen blood 


was taken 
Last attack Nov 1454 
See numbers 12 and 15 


partial inhibition of hemolysis 
4 + complete inhibition of hemel 


— 
2 
P 
Tag 
oa 
24 is positive 
7 
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not as typical as those whieh we had seen in the 
first 
The tissues from the second series of pigs were 


series.’’ (G.V.) 
freezing at low temperatures for 
then 
first series 


preserved by 
removed and treated as 
from the The filtrate was in 
into a third series of 3 young pigs which 


had reeeived, prior to the injection of the filtrate, 


three days, were 


those 


jected 


5 ml. of anti-hog cholera serum, obtained from the 
U. 8S. Department of Agriculture. None of these 
pigs suffered any ill effeets. Unfortunately, no 
nonimmunized control pig was with the 
pigs challenged, 


injected 


filtrate; nor were any of the 3 
in addition, with blood from the sick horses. We 
hope to have an opportunity to repeat this experi 
with appropriate controls. 
Studies, 


experiments, it was decided to try the complement 


ment 

Serological Following the inoculation 
fixation test for equine infeetious anemia recently 
Altara, Serra, and These 
authors found that the serums of horses with the 
form of 


deseribed by Guarini 


subacute or chronic equine infectious 
anemia ; ud those from horses that are carriers of 
the virus give positive reactions, while the serums 
from animals with the acute form may give nega 
According to Prof. Serra,” during 


also be neg 


tive reactions, 
the febrile attack the reactions may 
ative, but when the fever subsides the serum again 
becomes positive. 

Antigen and a positive and a 
negative serum were obtained Prof. 
Five series of tests (Dee, 18, 21, and 28, and Jan. 
10 and 14) 
(table 2). 
complete (44) or 
tion of hemolysis, which we considered a positive 
4 (19%) gave a inhibition 
whieh we considered a 


known 
Serra, 


known 
from 


horses 
gave 
inhibi 


were done on serums from 21 
Serums from 12 horses (57%) 
nearly complete 
partial 
doubtful 
(24%) gave little or no inhibition 


renetion; 
(2+-), 
and 5 
which we considered a negative renetion., 
horse, Short Thorn, samples were obtained on Dee. 
21, 1954, and on Jan. 14, 1955, both samples giv 
ing a 44 From another horse, Polly D, 
sumples were obtained on Dee, 28, 1954, Jan. 10 
and 24, 1955; all gave a 14 reaction. 

Duplicate samples of serums from 6 horses (7, 
12, 14, 17, 18, and 19) were sent to Dr. Serra to 
Three of the serums 


reaction, 
(1+), 
From 1 


renetion, 


be tested in his laboratory. 
(7, 17, and 18) 
19) were negative at 
(14) was found to be doubtful by us and negative 
by Dr, Serra 


were positive, and two (12 and 
both laboratories while one 


DISCUSSION 


What impressed us most in the history 
of the outbreak was the diagnosis of ana 
plasmosis, since this condition had never 


been authentically reported in horses. Bal 
four® reported finding anaplasmosis in 
donkeys in the Sudan, and Brion’ de 
seribed an outbreak in horses in the Haute 
Savoie region in France. Both based their 
diagnosis on finding, in the blood of the 
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horses, structures which they thought re- 
sembled Anaplasma. Brion differentiated 
these structures from Jolly bodies by re- 
producing the disease in an experimental 
horse with erythrocytes obtained from a 
diseased horse. His claim would have been 
more convincing had he injected a control 
horse with filtered plasma, since the symp- 
described could well have been 
those of equine infectious anemia. He pre- 
sented no photomicrographs of the struc- 
tures which he Ana- 
plasma. Brion also quotes Yakimoff and 
Koselkine '’ as having observed in Russian 
Turkistan ‘‘anaplasmosis in two horses, in 
one associated with Nuttalia equi and in 
the other alone.” Brion comments that it 
is ‘not certain that these authors, who de- 
scribed neither the disease nor the para- 
site, have not seen the anaplasmoid forms 
of Nuttalia equi, studied by Carpano and 
described earlier by Balfour.’’ We felt, 
therefore, that if the diagnosis of anaplas- 
mosis in the race horses at the Hipodromo 
de las Americas could be substantiated, we 
would have evidence of a new equine dis- 
ease, at least on this hemisphere. Also, in 
view of the report of the Russian workers 
finding Anaplasma in with 
Nuttalia equi, the laboratory reports of the 
presence of both B. equi and Anaplasma in 
the blood smears from some of the horses 
at the track were of special interest. 
Although the signs and pathology of the 
Kk horses were not incompatible with a di 
agnosis of babesiosis in horses or anaplas 


toms he 


considered to be 


HSSOC TATION 


mosis ree°mbling the disease in cattle, our 
failure t. find parasites in any of the blood 
smears from the sick animals made such a 
diagnosis untenable 

When we examined slides in which the 
presence of Anaplasma had been reported, 
the suspected structures were in some cases 
Howell-Jolly bodies and = in arte- 
facts. We were not afforded an opportu 
nity to examine any of the slides on which 
B. equi had been reported. However, blood 
smears from 1 horse did show the clover 
leaf structure of B. This 
experimental horse that had received an 
injection of blood from one of the F 
horses, but there was no laboratory report 


others, 


equa. was the 


on the presence or absence of B. equi in 
the donor’s blood. We can not know, there- 
fore, whether the injected horse was in- 
fected from the inoculation or was a car- 
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rier of the parasites. At no time were we 
able to find any parasites in the donor's 
blood. Curiously, a second horse injected 
with blood from the same donor nine days 
after the latter first developed fever 
showed no parasites although blood smears 
were examined daily until he died 

The case of the D horses was even more 
baffling. Their symptoms resembled neither 
equine babesiosis nor anaplasmosis in cat 
tle yet both B. and Anaplasma 
had also been reported in their blood. We 
failed to find these parasites. The ques 
tion, then, was whether there were two 
types of diseases or two kinds of manifes 


equi 


tations of one disease. 

Bacteriological studies of the feces and 
blood from both groups of horses revealed 
no pathogenic microorganisms, nor were 
pathogenic protozoa detected in the feces. 
Tuberculin tests on 5 of the D horses were 
also negative. 

The history, signs, pathology, and nega 
tive laboratory findings for babesiosis and 
anaplasmosis warranted a tentative diag 
nosis of equine infectious anemia. This 
diagnosis was confirmed when we trans 
mitted the horses with blood 
from F horses and D horses and also with 
filtered plasma from both. 

Whether the D horses were also victims 
of the virus of infectious anemia may be 
open to some question. The experimental 
horse which was injected with blood from 
this group of horses developed symptoms 
and pathological changes that were char 
acteristic of those of the F group. Yet it 
did finally develop diarrhea two days be 
fore it became moribund. It 
that the diarrheal condition of the D group 
was due to some other cause and that these 
animals were, in addition, merely carriers 
of the virus of infectious anemia, which 
accounted for the development of the F 
type of disease in the experimental horse 
that received their blood. On the other 
hand, Dreguss and Lombard ® quote Carré 
and Vallée® as having reported diarrhea 
as one of the symptoms of equine infee 
tious anemia, as have Stein” and Hutyra, 
Marek, and Manninger.’ 

Our attempt to transmit the disease to 


disease to 


is possible 


normal donkeys was unsuccessful. 
Whether we succeeded in infecting pigs 
with the the 
may be open to question 
developed 


diseased horses 
All 5 of the in 
purpurie 


blood from 


oculated spots 


pigs 
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within three to four days after they were 
injected and 3 of them developed wobbly 
hindlegs by the fourth day, while the un 
inoculated control pig remained free of 
these symptoms for at least 14 days after 
its mates had been injected and at least 
ten days after they had begun to develop 
symptoms. The second series of pigs which 
inoculated with filtered triturated 
tissue from the first series developed symp 
toms of weakness, especially of the hind 
legs, and diarrhea and died within 14 days 
after injection. When the filtered tritu 
rated tissne from the second series was i 


were 


oculated inte a third series, of young pigs 
previously immunized with anti-hog cho 
lera serum, none of the latter was affected 
Unfortunately, these pigs were not chal 
lenged, addition, with blood from the 
diseased horses. This raises the its 
to whether the first series of pigs reacted 
to the virus of equine infectious anemia 
and then contracted hog cholera or whethe: 
the pigs were already infected with the 
hog cholera virus when they were 
lated with material from the 


dliseased 


Fig. 1—Purpuric spots on a pig injected with 
filtered plasma. 
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horses and, hence, the reactions which we 
observed were due to hog cholera virus and 
not to the virus of equine infectious ane- 
mia. It is important to emphasize, how- 
ever, that these pigs were observed for 
seven days before they were injectd with 
the blood from the diseased horses and 
that during this period there were no signs 
of hog cholera, also, that the control pig 
remained free of symptoms for at least ten 
days after they appeared in its inoculated 
mates although it was kept together with 
them in the same quarters. 

If the virus of equine infectious anemia 
was responsible for the signs and the death 
of the first series of pigs, failure of the hog 
cholera-immunized pigs to become infected 
with material from the 
pigs might have been due to the inability 
of the virus of equine infectious anemia to 
survive passage through a foreign host 
(pig). At any rate, the results of the pri- 
mary inoculations would appear suffi 
ciently significant to warrant repeating 
the experiment by injecting young hog 
cholera-immunized pigs or suckling pigs 


second series of 


from a hog cholera-immune sow with blood 
from horses with equine infectious anemia. 
This we plan to do. 


Our experience with the complement- 
fixation test of Altara, Serra, and Guarini! 
is too limited to enable us to assess its de- 
pendability for the diagnosis of equine in- 
fectious anemia, 


SUMMARY AND CONCLUSIONS 


An outbreak of a disease that had been 
prevalent in the race horses at Hipodromo 
de las Americas in Mexico for over two 
years and that had been diagnosed as 
babesiosis or anaplasmosis, or both, was 
studied, Two types of conditions were 
found: one characterized by intermittent 
periods of fever (F); the other by marked, 
watery, nonfetid diarrhea (1). 

Microscopic examination of hundreds of 
Giemsa-stained blood smear preparations 
from all the diseased horses of both types 
failed to reveal any parasites. Gastroin- 
testinal parasites. were not found, Blood 
cultures and fecal cultures yielded no sig 
nificant results. Tuberculin tests (intra 
dermal) on 5 with diarrhea were 
negative. 

The absence of microparasites or other 
microorganisms and. tieks (Dermacentor 


horses 
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reticulatus and Rhipicephalus evertst) 
made the diagnosis of babesiosis and ana- 
plasmosis untenable. The symptomatology, 
pathology, the unsanitary environment, 
and the use of ‘‘the common syringe’” all 
pointed to equine infectious anemia as an 
alternative diagnosis. This diagnosis was 
confirmed by the transmission of the dis- 
horses with blood from F 
and D horses, and with a mixture of Seitz- 
filtered plasma from both and filtered tri 
turated tissue from an F horse 

Donkeys injected with whole blood and 
with filtered plasma from both groups of 
horses were unaffected. 

Young pigs that were similarly injected 
developed purpuric and swollen, 
wobbly, paralyzed hindlegs in from four to 
six days after injection. A control pig had 
not developed these signs 14 days after its 
mates had been injected and a week after 
it had received pooled blood from 2 normal 
horses. All the inoculated pigs died by the 
sixteenth day following inoculation of the 
experimental pigs. The significance of the 
reaction in these pigs and others subse 
quently injected is discussed 

The complement-fixation test of Altara., 
Serra, and Guarini gave positive reactions 
with 57 per cent of the 
doubtful with 19 per cent, 
with 24 per cent, 


ease to horses 


spots 


serums tested, 


and negative 
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Nematocidal Screening Tests of Organic Phosphorus, 
Nitrofuran, Cadmium, and other Compounds 
Against Horse Strongyle Larvae in Vitro 


NORMAN D. LEVINE, Ph.D.; VIRGINIA IVENS, B.S.; 
MARLIN D. KLECKNER, B.S.; JEAN K. SONDER, M.S. 


Urbana, Illinois 


FoR SEVERAL a screening program 
for potential nematocides has been carried 
out at the University of Hlinois in which 
various compounds have been tested for 
activity against horse strongyle larvae and 
eggs in The present paper reports 
the results obtained with eight organic 
phosphorus compounds, nine cadmium 
compounds, five nitrofurans, hetero 
evelic compounds, 22) other eyelic com 
pounds, three aliphatic compounds, and 
one antibiotic. 

The technique used has been deseribed by 
vine.’ Briefly, the compound to be tested 
premixed with taleum powder to give it body and 
then mixed with fresh containing 
strongyle eggs. The mixture in 
wide-mouthed glass jar, and the jar was placed 
in dark cupboard at temperature for a 
week, At the end of this time, the were 
examined for larvae, using the Baermann tech 
If no larvae could be found, the compound 
Untreated 
set up and examined. Each eompound was 
up in concentrations of 0.01 M, 0.005 M, 
0.0025 M, 0.001 M, and in lower concentrations if 
indicated by the results with the higher ones. 

Well over 95 per cent of the eggs and larvae in 
the re 
No sig 
results 


years, 


feces, 


Le 
Wiis 


horse feces 


was placed a 


a room 


feces 


nique. 


was considered active. controls were 
also 


set 


the feces were those of small strongyles; 
mainder were those of Strongylus spp. 
nificant difference the 
with large and small strongyles. 


was noted between 


ResuLTs 


The compounds listed (table 1) killed 
or prevented the development of all larvae 
in in the concentrations indicated 
unless otherwise stated. For a few com 
pounds, two different active concentrations 
are given; this is doné only when the re 
sults of repeat tests differed. One 
for the observed variation may have been 
incomplete mixing of the compound with 


feces 


reason 


and 
Agricul 
Urbana 
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Veterinary 
Medicine 
Station, University of 
and Ivens) Animal 
Kesearch Branch, Agricultural Research 
Department of Agriculture (Kleckner and 


of 
Veterinary 


From the 


College 


Department 
of 
tural Experiment 
Parasi 


I 


Levine and Disease and 


te 
bervice, s 


Sonder) 


the feces, which permitted larvae to hateh 
Without exposure to the compound 

The lowest) active concentrations 
viven both in and 
The former permits equimolecular 
parisons to be made between related com 
pounds, while the latter indicates the rela 
tive weights of compound and feces 


are 
moles as percentages 


DISCUSSION 


To the organic phosphorus compounds 
listed herein should be added tetraisopro 
pylpyrophosphate, tetrabutylpyrophos 
phate, and diethyl phosphoric acid, which 
Levine*® found inactive against horse stron 
vyle larvae at a concentration of O.OL M 
(0.346%, 0.402%, and 0.154 %, respec 
tively), triphenylmethylphosphonium 
dide, which Levine * found active at 0.0005 
M (0.025%), and tetraethylpyrophos 
phate, which Levine '' found aetive at a 
concentration of 1.0 per cent but not at 
0.1 per cent. In contrast with all the com 
pounds tested earlier except the phospho 
nium iodide, the present series exhibited 
marked activity. Although most of them 
were thiophosphate esters, replacement of 
an oxygen by sulfur is not necessary for 
high activity nor does it always produce 
such activity. The most active compound 
in the whole group was the phosphonate, 
Bayer L 13/59, which does not contain sul 
fur. Furthermore, the only difference be 
tween the two phosphorothioates, Dow ET 
14, which was inactive at a coneentration 
of 0.105 M, and Dow ET-15, which was ac 
tive at 0.00078 to 0.005 M, was the replace 
ment of a methoxy group attached to the 
phosphorus atom in the former by 
amino group in the latter 

It of great interest that MeGregor, 
Radeleff, and Bushland ' found that when 
fed to cattle infested with Hypoderma, 
diazinon and Bayer lL 13/59 gave 
lent kill of the grubs present along the 
back, while chlorthion killed approxi 


Is 


excel 


117 


4 
Py 
i 
| | 


TABLE 1—Compounds that Killed or Prevented Development of all Horse Strongyle Larvae 
in Vitro in the Concentrations Indicated 


Lowest active concentration 


Compound (Molar 


Oncasic PHORPHOKUS COMPOUNDS 
O.O-dimethylhydroxy 2,2,2 trichlorophosphonate (dipterex Bayer L 13/59)! 6.0001 


0.00025 
0.001% 


O.O-dimethy! dithiophosphate (malathion 

0-(3-chlore-4-nitrophenyl) O,O-dimethyl thiophosphate (chlorthion) (90 %)* 

t chloro 4-methylumbelliferone O,O-diethylthiophosphate (Bayer 21/199) 
(quite finely ground )* 

0.0 diethyl O- 2-isopropy! 4-methylpyrimidyl (6) | thiophosphate (diazinon )* 

O.O-dimethy! 2,4,5-trichloropheny! phosphorothioate ( Dow ET 14)* 0 

phosphoramidothioate ( Dow ET.15)* 


0.0074 
0.0025 

105 inactive 
0.0007 
tripheny! isopropyl phosphonium bromide 
oxidase 


008 
¢ 
cadmium 


Nie 

0.0025 
(0.001 partial 
O.OL inactive 
O.O1 inactive 
0.001 
0.0025 

0.001 


carbonate 
sulfide 
bromide 
chloride 
sulfate 
acetate 
nitrate 


cadmium 
cadmium 
cadmium 
cadmium 
cadmium 
cadmium 
cadmium 
(0.0005 partia 
cadmium anthranilate 
NITROFPURANS 
N-(5-nitro-2 furfurylidene) 


taming 2 oxazolidone (furazolidone O.025 

(0.0025 partia 57 partial 
226 

O.O1 inactive 2905 inactive 
O.O1 inactive S45 inactive 


O.O1 innetive 226 inactive 


N-(5 
5 -nitro-2 furaldehyde pyridinium acethydrazone chloride 
nitro furaldehyde 4 (5 -diethylaminopropy! 

nitro-2 furaldehyde semioxamazone 
Ornen 
NirkOUEN IN RING 
N- bromosuccinimide 
2 chloro 


semicarbazone hydrochloride 


COMPOUNDS 

ool 
ool 
O.05 
ool 
ool 
O.01 
o.o1 


17% inactive 
167 

On4 

271 inactive 
SOL inactive 
515 inactive 
S61 inactive 
S51 inactive 


inactive 


hydroxyl I-methylquinolinium methylsalfate 


N-trichloromethylithio tetrahydrophthalimide © 

(dimethylaming) 1Odaurylacridinium bromide 

piperazine 

2-(panisidine) 4-chloro-6 diethylaming 
OXYGEN IN KING 

2 -nitro-I-furyl ethylene (Ortho 746) 


tive 
tive 
tive 
tive 
tive 


nar 
inac 
inac 
triazine inac 

O4 partial 


0.005 
(0.0025 partia 


2,6-dimethylpyran 4 oxo dimethylformamide (Geigy 0.005 


in Ring 


or 


5 -dicarboxy 3,4 diphenylthiophene 


Mix 


Kings 


chloro 6-nitrobenzothiazole © 


tetraiodo o-sulfobenzoic anhydride 


Compo 


UNDA 


1.1.1 trichloro-2 hydroxy 2 phenylethane 


a chloro 4,4-dihydroxyacetophenone 


chlorophenyl) 2 


nitropropene © 


p hydroxybenzaldehyde thiosemicarbazone 


| p- (2-octyl) benzyldimethylammonian | 


2 butyne dichloride 


p nitrobenzene sulfonyl chloride * 
ethylbenzene sulfonate 

benzene sulfon m-anisidide * 

2,6 -dibromobenzene sulfonyl chloride 


sodium prehnitene sulfonate 


barium 3-nitro 4-hydroxybenzene sulfonate 
benzyl sulfon p-toluide * 


benz 


yl sulfonanilide * 


benzyl! sulfonethylanilide 
5-chloro-2-hydroxyphenyl) methane (diphenthane 


hia-( 


1,1 dichloro 2,2 


hin (y 
A dichlorobenzyl 


»nitrophenyl) ethylene 
) p-chloroaniline 


1.5 -dichloro-2 hydroxypheny! sulfide 
diphenyl! sulfoxide 


inactive 
0.005 

(0.01 partial 
O.OL inactive 

(0.005 partial 

0.005 

(0.005 partial 
o.ol 
0.01 
oot 
0.01 
ool 


inactive 
inactive 
inactive 


inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
inactive 
inactive 
inactive 
inactive 
inactive 
inactive 


inactive 

215 partial 
GAR inactive 


O99 partial 
195 inactive 
618 inactive 
22 inactive 
26 inactive 
$4 inactive 
24 inactive 
57 inactive 
26 inactive 
2 inactive 
inactive 
260 inactive 
inactive 
inactive 
56 imactive 


20 inactive 


100 inactive 
27 inactive 
> Inactive 


O.OL inactive 
inactive 
O.008 inactive 0.2 


[bis amine | isophthalic acid 

benzidene monosulfonic acid 

!-aminonaphthalene -disulfonate 
ALIPHATIC COMPOUNDS 

potassium hydrogen amino methane disulfonate 

1,2-bia- (B-chloroethylsulfonyl) ethane 

diiodomethane disulfonate, dipotassium salt 


monosodium salt 


‘ ool 7 inactive 


inactive 


Inactive 
inactive 
O.0025 


ool 


ANTIBIOTIC 


filipin 4 inactive 


' Supplied by Chemagro Corp., New York, N. Y., through the von 
hy Dr. Willis N. Bruce, Ulinois Natural History Survey Urbana Geigy Agricultural Chemicals, New N 
Dr. C. ¢ Alexander; * Dow Chemical Co., Midland, Mich., Dr. J. EB. Johnson Dr. Hess & Clark Co 

Dr. Paul D. Harwood; * Sharp & Dohme, West Point, P Dy. S. F. Seheidy California Spray Chemical 
Richmond, Calif, Dr. Edward G. Batte Dr. C. 8. Marvel, Dept. of Chemistry, Univ. of Hlinois, | 
David Gottlieb, Dept. of Horticulture, Univ of Ilinois, Urbana 


courtesy of Dr. Rosemarie Riimker; * Supplied 


Ohio 
Corp 
rbana 


4 
: 
O.007 
0.06 
0.27 
2.5 imactive 
0.16 
out 
O.015 partial 
O.172 inactive 
0.145 inactive 
4 0.046 
0.027 
0.051 
(O.015 partia 
e 
0 
0 
(0 
/ 0 
0.226 
(0.115 partial 
0.099 
0.198 
0 
) LJ 
‘ 
0 
0.25 
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mately two thirds of them, and Bayer 21 
199 was completely ineffective. 
The first) organic phosphorus 
cides to be developed, such as tetraethyl 
pyrophosphate and parathion were much 
too toxie for warm-blooded animals to be 
considered for internal administration as 
anthelmintics. The lethal dose (1.d.)., for 
rats of tetraethylpyrophosphate 0.85 
mg. per kilogram of body weight.’ and 
that of parathion is 4.0 mg. per kilogram 
of body weight.” More recently, 
pounds of relatively low toxicity have been 
developed. DuBois and Cotter’ reported 
that the acute intraperitoneal Ld. of 
Bayer lL, 13/59 for rats, guinea pigs, and 
mice are 225, 300, and 500 mg. per kilo 
gram of body weight, respectively, and 
that the compound is about half as toxic 
when given orally. According to the man 
ufacturer, the acute oral Ld... of diazinon 
for rats is 220 to 750 my. per kilogram 
McGregor, Radeleff, and Bushland ' fed 
100, 50, 25, and 25 mg. per kilogram, re 
spectively, of Bayer L, 13/59, chlorthion, 
Bayer 21/199, and diazinon to cattle with 
out apparent injury. In view of this rela 


insect 


com 


tively low toxicity for mammals and high 
toxicity for horse strongyle larvae im vitro, 


it is felt that further investigation of this 
yroup of compounds should disclose sey 
eral practical and effective anthelmintics, 

To these cadmium compounds should be 
added cadmium iodide, which Levine and 
Ivens”> found to be active against 
strongyle larvae in feces at a concentration 
of 0.00025 M (0.010%). An abstract of 
this section of the present paper has been 
published!’ These cadmium compounds 
were investigated because cadmium oxide 
had introduced as an anthelmintic 
against Ascaris lumbricoides in swine.” It 
was found that while there is some corre- 
lation between solubility in water and an 
thelmintic activity against horse strongyle 
larvae, the correlation is not invariable 
Cadmium carbonate and cadmium sulfide, 
which are insoluble or nearly so in water, 
were inactive at 0.01 M, the highest con 
centration tested; cadmium bromide, chlo 
ride, sulfate, acetate, iodide, and nitrate, 
all of which are very soluble in water, 
were active at concentrations ranging from 
0.001 to 0.01 M. On the other hand, ead 
mium oxide which is insoluble, was active 
at 0.0025 M. 


horse 
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listed herein 
(5-nitro-2 
which  Le- 


To the five nitrofurans 
should be added nitrofurazone 
furaldehyde  semicarbazone ), 
vine found inactive at 0.01 M (0.198 
the highest concentration tested. A large 
number of nitrofurans have been synthe 
sized; several of them have marked activ 
ity against bacteria, and nitrofurazone is 
an effective coccidiostat for Eimeria tenella 
infections in chickens. It is felt that fur 
ther study of this group might reveal some 
nitrofurans with greater anthelmintic ae 
tivity than those so far tested 

Although their activity was not of a 
high order, 1,1,1-trichloro-2-hydroxy-2 
phenylethane,a-chloro-3,4-dihydroxyaceto 
phenone and 1-(o-chlorophenyl)-2-nitro 
propene deserve special mention. The first 
two are chlorinated phenyvlethane deriva 
tives, while the third is a chlorinated phe 
nyl propene derivative. study of a 
larger series of related compounds might 
be rewarding. Such factors as position of 
the chlorine length and 
type of the alkyl sidechain, and presence 
and position of other substituents might be 
considered in such a study 


atom or. atonis, 


SUMMARY 


In a study of the effect of 61 compounds 
on horse strongyle larve in feces, it) was 
found that seven of eight organic phos 
phorus compounds, seven of nine cadmium 
compounds, two of five nitrofurans, four 
of 13 heteroeyelic compounds, four of 22 
other cyclic compounds, and one of three 
aliphatic compounds killed or prevented 
the development of the larvae at a concen 
tration of O.O1 M or less. The antibiotic, 
filipin, Was inactive at a concentration of 
0.4 per cent. Compounds which were ae 
tive at 0.001 M or lower 
methylhydroxy-2,2,2-trichlorophosphonate 
(Bayer L 13/59), 0.0001 to 0.00025 M; 0 
phosphor 
amidothioate (Dow ET-15 O005 to 
0.00078 M; cadmium bromide, 0.001 M; 
cadmium acetate, M; cadmium 
nitrate, 0.001 M 


were 
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Radiographic and Histopathological Findings in the Bones of 
Swine Deficient in Manganese 


G. M. NEHER, Ph.D.; L. P. DOYLE, D.V.M., Ph.D.; D. M. THRASHER, M.S.; 
M. P. PLUMLEE, Ph.D. 


Lafayette, Indiana 


IN GROWING swine a number of bony dys- 
trophies, lamenesses, and spontaneous frae- 
tures occur which do not appear to be re- 
lated to erysipelas, arthritis, or any other 
infectious disease. Indeed, the etiology of 
these conditions may very obscure 
since many of the droves of swine in which 
they occur are being fed what are pre- 
sumed to be the best possible rations. It 
has been recognized for time that 
pigs being raised on a ration composed 
chiefly of skimmed or whole milk, although 
they grow at a very favorable rate, are 
subject to a high incidence of spontaneous 
fractures. It is felt that a deficiency of 
some of the so-called trace minerals may 
be partially responsible for some hitherto 
unexplained skeletal dystrophies. 
Manganese deficiency has been studied quite ex 


seen 


some 


tensively in poultry and it, as well as choline de 
ficiency, has been clearly ineriminated as the cause 
These 


manganese defi 


of perosis or ‘‘slipped tendon’’ disease. 
have that 

y caused a retardation or suppression of en 
dochondral growth at cartilages 
they believe that this may account for the charac 
deformities of the hoek joints of birds 
Bony dystrophies have resulted 
rats, 


authors demonstrated 
ciency 
epiphyseal and 
teristic 
with the disease. 
from manganese deficiency” in rabbits, and 
mice.* 

The effect of manganese deficiency on impaired 
skeletal growth in swine first reported by 
Miller et al” in 1940. Thirty of 60 pigs raised on 
a diet deficient in manganese from weaning time 
(8 weeks) became lame when they weighed about 
150 Ib. The condition was characterized by pain, 
enlargement of the hocks, crooked 
largement of the distal 
ulna. The content of 
ever, Was within the range for normal swine 
condition failed to ration 
supplemented with manganese sulphate in amounts 


Wiis 


legs, and en 


ends of the radius and 
how 


The 


Wis 


mineral these bones, 


appear when the 


which would bring the level of manganese to 50 to 


60 parts per million (p.p.m.). The results of 
Investigation was supported in part by an en 
from the Lilly Research Foundation, Eli Lilly 
Indianapolis, Ind 

journal paper No. Purdue 
(Neher, Doyle, and 
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ette, Ind 


Keith «f al. contirmed these observations and alse 
that the 


manganese deficient 


showed addition of vitamin DT) to the 


ration did not prevent or re 
lieve the condition. 
In 1944 Johnson ‘ 


pigs being fed rations which contained between 7 


reported favorable growth of 


and 10 p.pom. and he postulated that manganes 


unlikely to oecur under nat 
reporte al 


deficiency would be 


ural conditions. Grummer ¢f alo in 
that the eritical 
pigs seemed to be between 12 and 20 p.poum., and 
marker! 


level of manganese for growing 


a ration containing 500) p.pam. eaused a 


Whereas the 
not clearly detined, the 


retardation in growth. 
requirements for swine are 
National 
Nutrition 

The purpose of this investigation was to 
make radiographic and histological exami 
nations of the bones of the legs of swine 
which were maintained on manganese-defi 
cient diets in an effort to reveal the cause 
of lameness, distortion of the legs, and re 
tardation of growth. Comparative studies 
were made on litter mate pigs which were 
provided a ration adequate for manganese 


Research Council's Committee on Swine 


recommends 20 to 40° popan 


MATERIALS AND Metrnops 


Nineteen female pigs 3 weeks of age and weigh 


ing an average of 9.5 Ib. were divided into two 


groups and housed indoors in with conerets 
floors, The first group (9 pigs) was fed a 
fied ration 
the second group (10 pigs) 
tion but it was supplemented 
The initial 


cent of protein and consisted of 


pets 
puri 
containing 0.5 of manganese ; 
received the same ra 
with 40 
ration contained 24.5 per 
skim 


(celluflour, 


ppm of 
manganese, 
dried 
filver 


us it corn sugar, 


Chicago Dietetic Co 


protein source ; 
; corn oil; per eent dried 
liver powder; adequate vitamins and purified min 
erals, 

135 
1S after 
After the gilts 
altered to provide 12 per 


During the growth period between 30) and 
the percentage of protein was lowered to 
which time it was lowered to 14 per cent 
rution wis 


necording 


weighed 170 Ih, the 
cont of protem 
feed mix was analyzed for 
to the A.OLAL 
justed by the addition of 
feed 
significant 


Thee 
procedure and the ration was ad 
manganese sulphate 

efiicieney were 


The growth rate and 


sutisfactory with no differences 
tween the low-manganese and the high-mangatien: 
groups growing 


from 0.5 to pigs on the low 


During the 133-day 
194.0 Ub. the 


riod, te 
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nese and the high-manganese rations had an aver 
age daily gain of 1.38 and 
and the feed efficienes 


1.39 Ib., respectively, 
was 3.13 and 3.06 Ib. of 
feed per pound of weight gained. At the end of 
the growth from the time the 
weighed 200 Jb., the fiber content of the 
Was increased to 8 per cent 


period, gilts 
ration 
and each animal re 
ceived 5 lb. of feed daily, so that the growth rate 
was reduced to 1 Ib. per day. They 
this feed intake until the ex 
periment was terminated on the 335th day. 


were main 


tained on reduced 

Radiographic examinations were made on 3 pigs 
deficient in manganese and on 1 control pig at the 
110th day of the experiment, on 1 eontrol and J 
deficient animal at the time of 
125th day. Radiographs were also taken at the 
termination of the experiment and at 
3 mangaunese-deficient 


necropsy on the 


hecropss 
(335 days) on and 1 con 
trol animal. Bone specimens were obtained at the 
time of slaughter, deealcified in an ionie deealei 
15 
the usual hematoxylin and eosin 


fier, and sectioned at The histological slides 
were stained by 
procedure. 


Resuts 


Clinical Findings.—Signus were first ob- 


served in the manganese-deficient animals 
at an average weight of 60 Ib. The shoats 
showed weakness of the legs by remaining 
in a sitting position while eating; when 
standing they had a tendency to constantly 
shift weight on their hindlegs. These signs 


continued and when the average weight 
was 90 |b., they appeared shorter in length, 
thicker, and deeper bodied, and 6 of the 9 
had a tendency toward bowed front legs. 
At 135 Ib., the animals were less active and 
had a tendency to become excessively fat. 
The legs were markedly shorter and were 
thicker, particularly in the tarsal and car 
pal areas. The most striking sign was the 
bowing of the front legs. At 165 Ib., the 
average thickness of the back fat of the 
pigs receiving the low-manganese ration, 
measured ji three places, was 1.63 inches 
as compared to 1.40 inches for the control 
animals, 
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The deficient swine appeared more ma 
ture at 200 Ib. than did those which re 
ceived 40 p.p.m. of manganese in the ra 
tion, Although feed consumption remained 
fairly constant, most additional weight was 
manifested in the form of increased body 
fat. At this time, the lameness was not as 
apparent as it had been when the animals 
weighed 135 Ib. As the experiment con 
tinued, no lameness attributable to manga 
deficiency was observed in’ either 
group. However, the shortness of the legs, 
the enlargements of the carpal and tarsal 
areas, and the bowing of the front legs 
persisted, 

Radiographic Findings.— Radiographic 
examination of 3 animals deficient in man 
ganese and of 1 control animal on the 
110th day and of 1 manganese-deficient 
animal and 1 control animal on the 125th 
day showed that a marked shortening of 
the radius, ulna, and metacarpal 
had occurred, The tibia, fibula, and meta 
tarsals were also shortened as compared to 
the bones of the control animals. Medial 
radiographs demonstrated that an atypical 
relationship existed in the distance be 
tween the distal epiphyseal line of the ra 
dius and that of the ulna. This distance 
was markedly shorter in all manganese 
deficient animals (fig. 1). The epiphyseal 
cartilages at the distal ends of the radius 
were consistently narrower and more ser 
rated in appearance, indicating that clo 
sure of the growth dises was under way, 
whereas the width and appearance of the 
distal epiphyseal plates of the ulnas sug 
gested that growth had continued 

In all manganese-deficient animals ex 
amined, the distal ends of the radius and 
ulna, at the epiphyseal lines, were mark 
edly thickened so that the diaphysis ap 
peared to be extended or “‘lipped’’ past 
the proximal edge of the adjacent epi 


nese 


bones 


Legends for Illustrations on Opposite Page 


Plate 1 


Fig. 1—Medial radiograph of the carpus of a control animal (right) and one after receiving a 
ration deficient in manganese for 125 days (left). A marked decrease in distance A-B between 


the epiphyseal growth discs of the distal radius and ulna occurred. 


In the deficient hog the 


growth plate of the radius appears thinner and serrated, indicating retarded osteogenesis. A 
detectable degree of rarefaction of bone is also evident in the deficient animal (left). 
Fig. 2—An enlarged portion of a radiograph (125 days) of the distal ulna showing the typical 
rarefied lesion proximal to the growth plate and marginal lipping of the distal metaphysis over 
the adjacent epiphysis. 

Fig. 3—Photograph of a histological section of the ulna showing that the corresponding rare 
fied lesion was occupied by a well-defined mass of fibrous tissue. x 4. 
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physis (fig. ] and 2). This bony dystrophy 
was also apparent but to a lesser degree in 
the tarsal area. 

Rarefied areas were observed in the dis 
tal diaphysis of the ulnas in the 4 animals 
deficient in manganese examined at 110 
and 125 days. These lesions varied from 3 
to 5 mm. in thickness and were located 1 
em. proximal to the growth dises (fig. 2 
Figure 3 is an enlarged photograph of a 
histological section of the same portion of 
the ulna, and its pathology is discussed in 
a later section. Radiographic examination 
of 3 manganese-deficient and 1 control lit 
ter mate on the 335th day no longer 
showed any specific rarefied areas in the 
bones of the forelegs or hindlegs ; however, 
a generalized rarefaction was evident) in 
the deficient animals. 

All of the leg bones of the manganese 
deficient animals were shorter and thicker 
than those of the normal animal. The epi 
physeal cartilage plates appeared to be al 
most completely However, the 
atypical relationship of the distance be 
tween the growth plates, as previously 
mentioned, had persisted so that the ap 
pearance was similar to that observed at 
110 days. The widening of the distal por 
tion of the diaphysis of the radius and 
ulna and the general enlargement of the 
bones in this area (fig. 4), as well as in the 
tarsus, Was more pronounced at 335 days 

Microscopic Findings.—Uistological ex 
amination of the slides prepared from the 
animals slaughtered on the 125th day re 
vealed that the distal cartilage dises of the 
radiuses were consistently thinner and 
more serrated in appearance in the manga 
nese-deficient animals (fig. 5 and 6), 
whereas the width of the distal epiphyseal 
plates of the ulnas appeared to be normal 


closed. 
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manganese deficiencs 
closure of the 


that 


selective 


It would 
resulted in the 
growth dises of the radiuses; however, the 


see 


same respotise Was hot elicited in the 
physeal plates of the distal ends of the 
ulnas. 

The most significant finding at 125 days 
in the radiuses of the animals deficient in 
inanganese was a marked thinning of the 
epiphyseal cartilage. A disarrangement of 
the architecture of the proximal growth 
plates had occurred, so that some of the 
columnar arrangement of the cartilage 
cells was lost. There was an increase in 
the amount of matrix which was pale 
staining and located adjacent to the zone 
of proliferation. However, cytomorpholog 
ically, the cartilage cells appeared to be 
normal for swine of this age 

Microscopic examination of the areas in 
the diaphysis of the ulna which appeared 
rarefied in the radiographs (fig. 2) re 
vealed an absence of cancellous bone. The 
normal bone trabeculations were either re 
placed or aplastic. The rarefied 
spaces contained a dense growth of appar 
ently old fibrous tissue which was moder 
ately vascular. The peripheries of the 
fibrous lesions were clearly defined; how 


were 


ever, some invasion of the adjacent mar 


row spaces was observed (fig. 7). 


In the growing swine (110, 125 days 

in the amount of fat in’ the 
marrow spaces Was observed in either the 
deficient or control shoats. Hlowever, in all 
mature swine which were fed the ration 
deficient in manganese, a marked increased 
deposition of fat was evident in the mar 
row spaces of both the epiphysis and dia 
physis of the radiuses and ulnas. Sinee a 
prominent feature of this deficieney syn 


no terease 


drome in swine is one of obesity, it would 
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Plate 2 
Fig. 4—Medial radiograph of the carpus of a hog raised on a manganese-deficient ration (335 
days) showing a generalized rarefaction of the radius and marginal extension of bone over the 
adjacent epiphysis (C). The distal ends of the radius and ulna are enlarged. 

Fig. 5—Photograph of a histological section of the distal end of the radius of a manganese- 
deficient hog (125 days) showing evidence of epiphyseal closure and generalized rarefaction 
of bone in the diaphysis. x 3. 

Fig. 6—A corresponding section of the radius of a control animal which received adequate 
manganese showing a normal epiphyseal cartilage and the normal amount of cancellous bone. 


x 3. 


Fig. 7—Photomicrograph of a portion of a fibrous mass which was present in the rarefied 

areas of the distal ulnas. The connective tissue was dense, apparently old in type, and mod 

erately vascular. The periphery was clearly defined; however, invasion of the adjacent marrow 
spaces was evident. x 70. 
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appear that manganese may have a marked 
lipotropic action both for body fat and 
adipose tissue in bone. 


DISCUSSION 


The results of these experiments confirm 
the observations of previous reports in 
that lame pigs were produced when rations 
deficient in manganese were fed. However, 
lameness was apparent when the animals 
weighed 60 |b. rather than 150 Ib. as re 
ported by Miller ef al” The general syn- 
drome, characterized by lameness, short 
ness of stature, enlargements of the carpus 
and tarsus, and a tendency toward bowing 
of the front legs, was similar to that pre 
viously reported. 

It has been established that 
deficiency is a common cause of perosis in 
poultry. The detailed studies of Wolbach 
and Hegsted' have suggested that the im 
mediate cause of the deformities in chick 
ens is a suppression of endochondral bone 
growth at the epiphyseal cartilages. Skele 
tal manifestations of a deficiency of this 
mineral have been observed in other spe 
cies. Smith ef al? demonstrated that 
manganese deficiency in the rabbit was as 
sociated with retarded bone growth, de 
formities particularly of the front legs and 
decreased bone-breaking strength. Defi 
cient rats showed no bone deformities per 
se; however, the offspring of deficient fe 
males and normal males had a high inei 
dence of deformed tibias.” Shils and 
McCollum reported similar findings in 
young mice except that the abnormalities 
were manifested chiefly as a bowing of the 
front legs. Amdur ef al.’ failed to observe 
deformities in this species but did report a 
marked decrease in breaking strength as 


manganese 


well as some loss of bone density. 
Radiographic and histological studies in 
this experiment showed that a slight gen- 


eralized rarefaction of the bones of defi 
cient swine had occurred (fig. 1,5, and 6), 
and areas of complete rarefaction were ob- 
served in the distal diaphysis of the ulna 
of all deficient swine examined on days 110 
and 125 (fig. 2). The examination of these 
lesions microscopically (fig. 3 and 7) re 
vealed a loss of osseous tissue and a re 
placement with dense, apparently old, fi 
brous, connective tissue. Rarefied 
were not observed either radiographically 
or histologically in the bones of deficient 


lesions 
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animals at 335 days (fig. 4). The disap- 
pearance of the rarefied areas coincided 
with the loss of lameness, so that the chief 
symptom present after the growth period 
was bone deformity without 

A number of osteodystrophies described 
in man are characterized by rarefaction of 
tissue and its replacement by 
young, actively growing, fibrous 
The pathological changes in the lesions ob 
served in the swine ulnas are 
parable to the localized form of 
fibrosa (von Recklinghausen’s 
This dystrophy occurs at the end of one or 
more of the long bones during the growth 
period and = spontaneous recovery fre- 
quently oecurs later. The etiology is un- 
known. However, the immediate 
seems to be a malfunction of the normal 
process of the removal of calcified cartilage 
by vascular connective which pre 
cedes true bone formation. 

The authors have no good explanation 
for this apparently specific displacement 
or absence of bone from the rarefied areas. 
It would that atypical 
extensions have arisen on the margins of 
the ulna immediately proximal the 
growth discs, possibly at the expense of en 
dochondral bone formation in the adjacent 
inner portion of the bone. Radiographi- 
cally, these extensions of the diaphysis 
seem to form a ledge over the adjacent 
epiphysis (fig. 2 and 4). 

It is of interest that the distal epiphys 
eal dises of the ulna of all manganese-de- 
ficient animals appeared to be open so that 
the rate of bone growth was more nearly 
normal, whereas the distal growth plates 
of the radiuses were consistently thinner 
and more serrated in appearance as com 
pared to the control animals. These obser- 
vations suggested that in pigs deficient in 
manganese, the ulnas continued to grow 
normally for a time while growth of the 
radiuses was retarded. The results of this 
atypical growth pattern were manifested 
in the radiographs and 
tions by a marked shortening of the dis 
tance between the growth discs of the ulna 
and radius at 125 days (fig. 1). The later 
radiographs (335 days) indicated that 
closure of the growth dises of the ulna had 
occurred; however, the atypical arrange- 
ment had persisted (fig. 4). Without doubt 
the abnormal growth relationship of these 
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for the marked bow 


the 


bones could account 
ing of the front 
deficient swine. 


legs of manganese 

The lipotropic action of manganese has 
been demonstrated in the rat Deficien! 
animals developed fatty livers which were 
prevented by the addition of manganese to 
the ration. Norris and Heuser '' further 
showed that an increase in fat in the bone 
accompanies the deficiency in the rat. In 
all mature deficient in 
(335 days), a marked increase in fat cells 
occurred in the marrow spaces of both the 
diaphysis and epiphysis of the radiuses 
and ulnas. This finding was not surprising 
since one of the prominent features of this 
deficiency syndrome in swine was excessive 
obesity > 

The role of manganese in bone forma 
tion is not clearly understood; however, 
there is evidence to suggest that its action 
may be mediated through the enzyme phos 
phatase. Manganese deficiency occurs con 


swine Mnahvanese 


comitantly with low phosphatase activity 
of the blood and bone in poultry "! 
in the rat.’ 
produced by 
and 
phosphate 


Phosphatase is believed to be 
proliferating cartilage cells 
osteoblasts. It liberates inorganic 
from phosphoric esters and 
locally, the concentration of phos 
phate ions so that the levels of both cal 
cium and phosphate ions increase, and the 
deposition of calcium phosphate the 
cartilagenous matrix occurs. 

The fact that phosphatase activity is 
lowered in the bones of the manganese 
deficient rat and the manganese content of 
the bone remains within the range for nor 
mal rats suggests that a discrepancy may 
exist in the supposition that phosphatase 
activity is dependent upon normal concen 
trations of manganese in the bone. In de 
ficient swine showing bony dystrophies of 
the legs, no decrease in the manganese con 
tent of the bones was evident.”" Plumlee 
and his co-workers'* reported that al 
though the content of 
from deficient swine was normal, there 
a threefold to fivefold decrease of this min 
eral in soft tissues. This suggests the pos 
sibility that total stores of the mineral in 
the body may be concerned with the phos 
phatase activity in 
the absolete amount 
Studies designed to 


raises, 


manganese bones 


Was 


osteogenesis and not 
the 
measure 


bones 
the 
dynamics of manganese utilization by nor 


present in 


pe 
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mal bone in contrast to that of detficieut 


swine may help to answer this question 
SUMMARY 


deficieney in 


shortness of 


1) Manganese 
sulted lameness, 
length in) the and hindlegs, a 
thickening of bone in the carpal and tar 
sal areas, and a marked bowing of the 
front legs in 60 per cent of the animals 
After maturation 
mained ; 
appeared 

2) Radiographie and histological exami 
nation selective retardation of 
endochondral the growth 
the radiuses, whereas the 
continued to grow so that bowed front legs 
resulted 

3) A detectable, generalized rarefaction 
of bone oecurred and areas of complete 
aplasia were observed in the distal dia 
physis of the ulnas of all deficient ani 
mals examined at 110 and 125 days. At 
335 days, no similar rarefied areas were 
present 

4) These lesions appeared similar to the 
localized form of osteitis fibrosa and 
characterized by the replacement of ean 
cellous with a fibrous tissue 
which was moderately vascular. The 
disappearance of occurred 
concomitantly from 
lameness. 

Neo-osteoid 


sWihe re 
bone 


forelegs 


the osteodeformities re 


however, the lameness had = cis 


revealed a 
osteogenesis in 


of 


were 


bone dense 
these areas 
with the recovery 
extensions proximal to 
the growth dises and adjacent to the aplas 
tie lesions were a typical finding 

6) The lipotropie action of manganese 
was demonstrated by the excessive obesity 
of the deficient well as an in 
creased deposition of fat in the bone 


swine as 
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ISOLATION of animals is a necessity in 
with infeetious 
diseases where it is essential that the ex 
posure of test animals be rigidly con 
trolled. Equipment that will fulfill the re 
quirements for most infectious 
work should have the following character- 
istics: (1) a system of ventilation which 
will prevent air-borne infection between 
units or from outside sources, (2) a 


many phases of research 


disease 


means 
of feeding animals which will minimize the 
danger of cross contamination during these 
operations, (3) adequate storage capacity 
for excreta so that the unit will not have 
to be opened during the animal’s stay in 
the unit, (4) provision for adequate visual 
observation, (5) construction should be in 
a manner and from materials that will per 
mit easy and efficient cleaning and steril 
ization, and (6) the cost of the equipment 
should be low enough to permit its use in 
laboratories with limited budgets 


Several small isolation 


types of animal equip 
ment have been deseribed. Horsfall and Bauer 
deseribed isolation equipment which they used in 
the study of distemper and influenza in ferrets, 
Their units consisted of monel metal eubieles in 


vhich a small animal cage was placed, Ventilation 


vas necomplished by a whieh dre 


the 


vacuum system 
into the 
Air filters were provided over the oper 
left the eubi 
developed 


ur from rooni units and exhausted it 
outside 
and 


ings through which air entered 


cles and Underdahl similar 
modified for feed 
These 
pigs 
transmissible 
pigs 
isolation eages which 


Neweastle 


oung 
which was 
pigs 
growing 
study of 


isolation 
ssfully in 
and the 
teritis other 


equipment 


and maintaining units were used 


without eolostrum 
also in gastroen 


and virus diseases in Levine 


und Fabrieant~ deseribed 
were used in the 
chicks, These 
cubicles containing birds. This 
differed the first 


seribed in that ventilation was accomplished by a 


study of disense in 


units consisted of galvanized iron 


cages for equip 


ment essentially from two «de 


system which was closed both to and from the 
units. The air within the cubicles was maintained 
at a slight positive pressure by means of a fan 
which foreed outside air through duetwork into 


the ecubieles and returned it to the outside 


The isolation equipment deseribed in this paper 


Submitted as journal paper No. #44, Purdoe Univer 


sity Agricultural Experiment Station, Lafayette, Ind 


Practical Isolation Equipment for Baby Pigs 
E. O. HAELTERMAN, D.V.M. 


Lafayette, Indiana 


was designed for and has been used sueeessfully in 
the study of transmissible (TGR 


Susceptible pigs maintained 


gustroenteritis 


in pigs. have been 


for periods up to three weeks while pigs affeeted 
vith TGE were being kept in adjacent units. The 
equipment has also been used successfully in rais 


ing pigs deprived of colostrum, With appropriate 


modifications in size and feeding facilities, this 
equipment might be adapted for use with other 
animals, 

The bodies of these units were made from Witt 
No, plain bodied galvanized eans. These cans 
re 20 in diameter and inches high 
wach ean was fitted with an expanded metal plat 
form which was set on brackets placed 5 inches 
above the floor CA, fig. 1 A feed pan (KB) was 
placed in a framed opening in the side of the ean 
and secured with a metal lateh A, ae. 2 
ond of the latch was slotted to permit removal of 
the feed pan without removal of the wing nuts \ 
rubber gasket was used under the flange of the 
pan to provide an air seal A halfoineh copper 
tub (*, fig. | ane through whieh liquids eould 

Witt Cornice Compan 


Fig. 1—Top view of isolation unit showing false 

floor (A), feed pan (B,C), and cover (D). The 

upper nipple (E) is for the air inlet and the 
lower (F) for air outlet. 
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be poured for feeding was fitted into the side of 
the can just above the feed pan. The external end 
of this tube was closed with a rubber stopper. A 
hinged lid (D, fig. 1) was attached over the feed 
pan to prevent soiling of the feed by the animal. 
The top of the unit was covered with heavy gauge 
(du Pont, 600 MST) cellophane whieh was se 
cured with a rubber band eut from the inner 
circumference of a 15-inch automobile inner tube. 

The ventilating system is somewhat similar to 
the one devised by Levine and Fabrieant. A posi 
tive air pressure within the units was provided by 
a centrifugal fan** (A, fig. 3) conneeted to a 
manifold and ducts to draw air from outside 
through a chimney. The air intake duet (C) was 
made of 4-ineh galvanized tubing and was pro 
vided with a fiber glass filter. This was the only 
filter in the system. The manifold (B) was di 
vided by an airtight partition into upper and 
lower compartments each of which was fitted with 
eight nipples to which lengths of soft rubber tub 
ing (1 in. dia.) were attached to conduet air to 
and from the units. The exhaust duet (D) was 
made of G-ineh galvanized tubing. The positive 
pressure within the units prevents the entrance of 
contaminated air during feeding 


OPERATION 
Most of the pigs used for work with TGE were 
from 5 to 5 days old when removed from the sow 
Fig. 2—Front view of isolation unit showing feed- 
ing tube (C) and mechanism (A) for holding feed Fasco No. 50749-1N volt 25 
receptacle (B). Industries, Rochester, N 


> amp Fasco 


Fig. 3—Isolation equipment in operation; A—centrifugal fan; B—manifold; C—air intake 
duct; D—exhaust duct. Arrows indicate direction of air flow. Unit E is sealed for removal 
from the room. 
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The feed for these ani 
mals consisted of homogenized, pasteurized cow's 
milk containing 3 ce. of 5 per cent ferrous sulfate 
per quart. Milk was poured directly from the de 
livery bottle into the feeding tube. Pigs taken 
from the sow rarely take more than a few hours 
to learn to eat 


and placed in the units. 


from the pan and none has been 
lost because of failure to learn to eat sinee this 
If the amount of feed 
was regulated so that it would be consumed before 
the next feeding, it was not found 
clean the feed pans oftener than once every two 


type of unit has been used. 
necessary to 


or three days. 

Pigs deprived of diet 
formulated by Young ef al.’ containing one whole 
egg per quart of milk and « mineral mixture. For 
the first two days of the pig’s confinement this 
formula was boiled being fed. Also the 
feed pans were removed after every feeding and 
replaced with clean pans which had been sterilized 
by boiling. All pigs were fed three times daily 
until 1 week of age and twice daily thereafter. 


colostrum were fed a 


before 


Pigs may be kept in these units up to 3 or 4 
weeks of age, the size of the animal 
limiting faetor. The space beneath the false floor 
is large enough so that it 
cleaned during the stay. 


being the 


does not have to be 

When an infected animal is to be removed from 
a unit, the rubber air intake tube is disconnected 
from the unit and bent upward and connected to 
The x 
haust tube is also bent upward and connected to 
the intake nipple of the unit. The entire 
thus sealed to prevent contamination of the isola 
tion room, is earried outside of the room before 
it is opened. The air intake tube shunts the air, 
which would otherwise flow through the unit, to 
the upper compartment, thus preventing an excess 
of air from flowing through the remaining units. 


the upper compartment of the manifold, 


unit, 
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Figure 3 shows a unit (FE) ready for removal 
from the room, 

Cleaning and sterilizing of the units is accom 
plished by rinsing out the accumulation of exereta 
and boiling in a large tank of water containing 
merely filling 
the unit feed tube 
and connecting the air exhaust and intake nipples 
The on 


with 


caustic cleaning compound, or by 
with water after closing the 
with an air tube and boiling with steam. 


tire room with the equipment is fumigated 


formaldehyde before the start of each experiment 
The cost of 


this equipment for materials and 
than #40 per unit 


ventilating system which services eight units 


was less including the 


SUMMARY 


Inexpensive animal isolation equipment 
which has been used successfully in’ the 
study of transmissible gastroenteritis in 
pigs and in raising pigs deprived of colos 
trum is described. The units afford good 
visibility of test animals, a convenient 
means of feeding with minimal danger of 
cross infection and are easily cleaned and 
sterilized, 
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Laboratory Studies on Erysipelas. Il. Use of Various Cultures 
in Production of Infection in Pigs by Skin Scarification 


H. E. GOUGE, D.V.M.; R. BOLTON, B.S.; R. BROWN, D.V.M. 
Pearl River, New York 


INCONSISTENCY of experimental reprodue- 
tion of swine erysipelas is recognized as 
probably the most serious drawback en 
countered in the study of any type of im 
munizing agent against this disease. 

On several occasions, the disease has been repro 
duced by oral, intravenous, intramuseular, subeu 
taneous, or intraperitoneal injection of culture, 
but such results are usually not obtained with any 
degree of regularity. Similar experiences have 
following application of the seari 
Dinter.” In addi 


Shuma aS 


been reports d 
fication method of Fortner and 


tion to some foreign workers, Cooper 


and his associates,” and Spencer’ have successfully 


used the 
others, has reported difficulties. 


acurification method, while Doyle,” among 
Various explana 
tions have been offered for these discrepancies re 
ported, including differences in strains of the or 
animals, and absence of 


gainism, differences in 


possible predisposing factors 

Studies were undertaken to attempt to establish 
a suitable erysipelas challenge which could be re 
produced routinely, and the present report is: the 
of this work obtained 
from other investigators interested in and working 
with the United States and im 


administered 


Cultures were 


problem in the 
These 


intradermally, 


were intravenously, 


intraperitoneally, subcutaneously, 
scurification to 
different 


dilutions 


intraoeularly, intranasally, and by 


pigs 
Cultures of 


from various sources and of ages. 


varying coneentrations and 
vere used and, in some eases, were combined with 


various “eeessory netivating agents From the re 


sults obtained in these tests, it was coneluded that, 
results were to be mensured in terms 
and death, 


sutisfaectory. 


if challenge 
of the 


none of the 


development of aeute disease 


procedures used proved 
However, quite consistent cutaneous, systemic, and 
febrile renetions were obtained with the skin seari 
also by 


technique, not only by us but 


others, Although, in 
method had appeared to be a 
wis pointed out by Sikes, Neher, 


fieation 
general, the intravenous 


somewhat more se 


vere challenge, as 
and Doyle,” it was expensive because of mortality 
of test animals, and it did not lend itself to read 


laboratory 


results in comparative 


ily mensurable 
searifieation did It was con 
that the febrile, 


renetions of the 


studies, whereas 


therefore, characteristic 
avatemic, and skin 
method could be used as eriteria in future studies, 


elude d, 
scarifieation 


Division, Lederle Laboratories 
American Cyanamid Co., Pearl River, N.Y 
The authors are indebted to Raymond 
Mdward Gianforte for technical assistance, and to Mrs 
D>. Budd for assistance in preparation of this manuscript 
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studies on these re 
different 
produce the 


further 
with 


This is a report of 


actions obtained cultures from 


determine whieh would 


With possible standardization 


sources to 
response 
of challenge methods in mind, Shuman’s cultures 
results were interpreted in 


were and 


terms of Shuman’s classification of reactions 


MATERIALS AND 
Cultures The cultures of 


rhusiopathiac 


Challenqe following 


Krysipelothris were used: 
from Dr k. D. Shuman, 
Si9v, 422-1, 


lyophilized prep 


received 
Md.; 4 


experimental strains ; 


1) Shuman 
seltsville, 
NF4 (11 


nrations; 


cultures, 


Wolters, 


S48, routinely 


from Dr K 1. 


846, S47, 


Gaerman received 


Germany: 3 cultures, used 
lyophilized preparation ; 
Mueller, St. 


frozen; 


for swine searifieation ; 
Field —reeeived from Dr 
Louis, Mo.; 


(reorge 


field strains; tissues, 


Canadian—-reeeived from Dr. H. ¢ Rowsell, 


Department of Bacteriology, Ontario Veterinary 


College, Guelph, Canada; experimental strain; ly 
oplilized preparation ; 
from Dr 


experimental 


Dennis Sikes, Pur 
lyophilized 


Purdue received 


due University; strain 
preparation, 
Before 


miee, and 


strains were passed through 


cultivated at 37C. for 18 


use, all 
then 
hours in yeust bile 


were 

broth containing 10) per cent 

horse serum, 
In the early 


used, It was 


studies, the German cultures No 
decided to 


obtaining a eulture of greater viru 


were investigate the 


possibility of 
obtained from 2 pigs dead of 
affeeted herd The or 


lence, Tissues were 


erysipelas from a severely 


ganisms were recovered from these tissues on 


blood 
and subeultured periodically 


agar plates, stored on serum agar plates, 
culture 3 

tnimals pigs, 
mately 3 to 4 months old and susceptible to swine 


The pigs were identified by 


normal approxi 


Apparently 
erysipelas, were used. 
ear tags, were housed in conerete pens, and were 
fed a regular commercial ration not supplemented 
with antibiotics. 

EXPERIMENTAL DATA 


divided into five equal 


each of the five cultures 


Twenty-five pigs were 
groups, one group for 
tested. All temperatures were normal before sear 
ification. Temperatures were recorded, pigs were 
observed for disease, and 
extent of 


incidence of clinical 


searification sites were examined for 


erythema daily for eight days following searifiea 
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LABORATORY 


tion. Shuman’s classification of the results of 


searificeation, adopted in an attempt to standardize 


so far as is possible the interpretation of results, 


is as follows: Immunity absence of local reae 


tion; incomplete immunity transient and slight 


local reaction; susceptibility, loealized persist 


ing local reaction; susceptibility, generalized 


persisting reaction becoming generalized. If any 


of these reactions was obtained at any searification 
necessarily at all sites, the reaetion was 
Final 


basis of the maximum 


site, not 


recorded classification of the animal was 


made on the reaction 


RESULTS 


Clinical symptoms were most pro 
nounced in pigs inoculated with the Shu- 
man strain. Inactivity and inappetence or 
reduced appetite were evident in 2 of the 
»” pigs for the entire eight-day observation, 
and in 2 others for six days. Labored 
breathing was noted in 2 pigs. With the 
Purdue and field strains, only 1 animal in 
each group inactive, each refusing 
food for eight days. Inactivity and inap 
petence were evident in the others in these 
groups on the fourth day, and persisted 
for two or three days, while respiration re 
mained normal. In pigs inoculated with 
the Canadian and German strains, inactiv 
ity and reduced appetite were evident only 
on the fourth day, with one exception, and 
respiration remained normal 

Average temperatures are shown (graph 
1). Pigs inoculated with the Shuman 
strain showed the two-phase temperature 
reaction reported by Shuman.’ The Pur 
due strain roughly paralleled the Shuman 
strain, as did the field strain to a slightly 


Was 


7.0 


Graph 1— Average (5 

pigs per culture) temper- 

atures following scarifi- 
cation. 
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The febrile reaction follow 
the German and 
much pro 


lesser degree 
ing administration of 
Canadian Was 
nounced 

The extent and duration of 
reactions Closely paralleled the febrile reac 
graph 2) with severe and 
peristent erythema 
groups showing the highest and most per 
temperatures, To plot) graph = 2, 
each classification was given a numerical 
value from “O° for no reaction through 
‘3°? for generalized reaction and total re 
action for group recorded 

Therefore, the Shuman 
Ery. rhusiopathiae gave the maximum re 
actions, and since it offered the possibility 
for standardization of interpretation of re 
different investi 
was chosen to 
future studies 


strains less 
cutaneous 


the most 
occurring in 


those 


sistent 


since strain of 


sults of experiments by 
gators, this strain serve as 


challenge culture in 


DISCUSSION 


It would appear that a better under 
standing of swine erysipelas and evalua 
tion of immunizing agents could be accom 


vrvesere vesvesere 


Deys after Scarif ication 


vrVvesere 


Graph 2—Comparative degree of skin erythema 
following scarification (5 animals per culture). 
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plished if the method of challenge, classi- 
fication of reactions, and challenge culture 
could be standardized. Quite consistent 
cutaneous, systemic, and febrile reactions 
have been obtained with the skin scarifica- 
tion technique. Systemic and febrile reac- 
tions, in the experiment reported, were 
similar to those reported by Shuman,"’ and 
the Shuman classification of cutaneous re- 
actions was readily applicable. In addi- 
tion, the Shuman culture strains produced 
the maximum reactions. It would appear, 
therefore, that consistent results,  suffi- 
ciently typical to be used as a means of 
interpretation, can be obtained under vari- 
ous experimental conditions 


SUMMARY 


Erysipelothric rhusiopathiae cultures 
from five sources were administered to sus- 
ceptible pigs by skin searification, Clini- 
cal symptoms, febrile and cutaneous reac 
tions were recorded, The Shuman strains 
of cultures produced the maximum reac 
tions and the Shuman classification method 
was readily applied 


Gouce—Bo_ton— Brown 
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Laboratory Studies on Erysipelas. II1.. Duration of Immunity 
in Pigs Vaccinated with Adsorbed Bacterin, and 
with Serum and Culture 


H. E. GOUGE, D.V.M.; R. BOLTON, B.S.; M. C. ALSON, D.V.M. 


Pearl River, New York, and South Saint Joseph, Missouri 


LITERATURE CITED 

Adsorbed erysipelas 
widely field tested and routinely used in 
introduction in 1947 by 
Judged by elinieal use in 
had 
proved satisfactory for 
In the United States, similar bacterins 


bacterin has been 
Europe 
Traub’ and 


where 


swihe 


since its 
Dinter” nureas 


after 
four to six 


swine erysipelas recurred year year, 
immunity 
months.’ 
in use for only a short time, and a 
single report has appeared on routine ¢linieal use 
Callaway and his reporting on 
than 9,000 pigs, stated that, for the eight months 
from October, 1953, to May, 1954, pigs vaccinated 
with this type of bacterin were raised and mar 


keted without complications from erysipelas such 


have been 


“ 
more 


as had ordinarily been experienced in 


The majority of the 


previous 
years on the same premises. 
pigs were vaecinated before or shortly after wean 
ing, but pigs 3 to 12 months of age 
included. Animals were observed to 6 months of 
age for market pigs, and for 6 
eination for breeding stock. 
However, 
by Shuman’ 
when the 


from were 


months postvae 


experimental laboratory studies re 


ported showed less encouraging re 


method 
was used following vaccination with one 5-ee. 


sults searifieation of challenge 
dose 
of bacterin. One experimental bacterin was admin 
istered as a single dose to 36 pigs, groups of which 
were challenged at monthly intervals for five and 
one-half months, together with a total of 15 un 
vaccinated eontrols. A second baeterin was given 
19 pigs, with challenges con 
three 


controls. In the 


aus a single dose to 
dueted monthly for 
vaceinated 


challenged 


months, 
first 
month 


using S un 
test, all pigs 
following 
dropped 


resistant 
vaccination. The degree of 

rapidly thereafter and at five 
half months, no protection was demonstrated, All 
With the seeond bae 
evident 


were one 
protection 
and five and one 
controls proved susceptible. 
terin, only 334, per cent 
month, 11 and 25 per 
months, respectively, and 75 per cent of the con 
However, only 6 of the 41 
vaccinated pigs classified as susceptible in the two 


protection 


> and 3 


at one cent at 2 


trols were susceptible. 


groups developed generalized infeetion, Comparing 

From the Kesearch Division, Lederle Laboratories, Ameri 
can Cyanamid Company, Pearl River, N. Y 
Bolton) and South St. Joseph, Mo. ( Alson) 

The authors wish to express their appreciation to Mr 
Edward Gianforte for diagnostic work, to Mr 
Adamski for aid in the conduct of the 
Mr. J. Haynes for analyses, and to Mrs. DD 
Budd for assistance in preparation of the 


(Gouge and 


Kaymond 
experiment, to 
statistical 
manuscript 


the results of this test with tests with serum and 


culture previously reported, Shuman concluded” 
that the latter method appeared more satisfactory 
on the basis of experimental challenge with eul 
tures of known infectivity. 

As the best basis for comparison of two methods 
of vaceination is to conduct simultaneous studies, 
experiments were designed to determine duration 
of immunity conferred on pigs by inoculation with 
an adsorbed erysipelas bacterin, and with serum 
and eulture, using the skin searifieation method of 
challenge 


MATERIAL AND 


Immunizing Agents.—The erysipelas bacterin 


from 
killed, whole broth eultures of three highly 


was a commercial lot prepared chemically 


anti 
genie strains of Erysipelothrix rhusiopathiae, pre 
cipitated with aluminum hydroxide, coneentrated, 
and potency tested in mice.” 

erysipelas se 


Commercially produced antiswine 


rum and desiccated erysipelas vaccine were used 


for serum-and-culture vaecination, A report from 
the laboratory of origin indicated that, at the time 
killed 2 


three days and the third mouse within five days 


of production, the vaecine mice within 
This is in accordance with the 
that all of 3 


die within seven days after infeetion with 0.1 ee 


test for acceptable 


vaceine which requires mice should 


of the reconstituted inoculated subeutane 
Retest of the eulture 
corroborated this report. 

Culture 
different sources were tested in pigs 
hight» 


strains 


vaccine 
ously vaecine at time of use 
Challenae Cultures of Ery. rhusiopath 
iar from five 
by the 
virulent a 


obtain as 
The four 
used by Shuman” and obtained from him, identi 
fied as S192, HC5S5, 422-1, and NF4, were chosen 
Kach of these 
but no signifieant differences in virulenee could be 
detected chal 
lenge 


searificeation method to 


strain as possible 


four strains was tested separately, 


Therefore, to insure as severe a 
as possible, the four strains were combined 
after being grown for 20 hours at 37C. in yeast 
bile broth containing 10 per cent horse serum. 

Mixed average market 
pigs, approximately & weeks of age, were obtained 


from 


{nimals breed, type 


two farms where erysipelas had never oe 


The pige 
conerete 


eurred as far as eould be determined. 


vere housed by groups in pens with 


floors and were fed a commercial growing ration 
Duovax K er 


sipelas bacterin, Lederle Laboratories 
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TABLE 1—Design for 


Date of vaccination 


lmmunizing 
Group agent® 
Hacterin | dows 


jacterin 2 doses 


Serum and 
culture 
nvaccinated 


controls 


utaneous administration 


not supplemented with antibioties. Pens were 


least once daily throughout the trial 


214 months old at the time of ery 


cleaned at 
The pigs were 
sipelas vaecination. 

Procedure. The 22% pigs were penned and vae 
before the 
intercurrent 
The re 
maining 217 were divided into four groups for an 
(table 1). 
terin was udministered subcutaneously in the flank 
5 ee, to 60 pigs in group 1, 
and two 5-ce, doses at an interval of approximately 
The 56 pigs 
subcutaneously with 
living 10 ee. of 
antiLerysipelas serum, as recommended by the pro 
The 63 pigs in group 4 
controls, 


einated against hog cholera 14 days 
start of the trial. Six pigs died of 
infection in the two-week holding period. 


immunizing experiment Erysipelas bae 


in a single dose of 


one month to the 38 pigs in group 2 
in group 3 
O5 ee. of 


were vaecinated 


eulture vaccine and 


dueer, were held as un 
vaceinated 
had found that 


apparently pro 


As Cooper and his associates | 
a single dose of baeterin 
tected all of 31 pigs against challenge three weeks 
postvaceination, challenge in the present trial was 
not started until approximately two months follow 
groups. The skin 
of challenge of 
and following a comparison 
of results of several methods, 18 to 25 ani 
mals from each group were challenged at monthly 
intervals, through the fourth postvaccination month 
for groups 1, 3, and 4, and through the third 
month for group (table 1) Rach pig was 


trimmed with an electrie clipper on the side from 


ing vaecination in all searifiea 


tion inoculation method Fortner 


Dinter’ was chosen 


From 


the shoulder to the hip and four regular searifies 


BoLTon 


ALSON 


Erysipelas Immunizing Experiment 


Number pigs challenged on 
2nd 7/55 y §§ 3/10/55 
20 


tions, just sufficiently deep to produce a. slight 


made at regu 
had 


Wiis 


serum ooze tinged with blood, were 


lar intervals with the tip of a scalpel which 


bent 
applied to the first three 


heen and roughened. Challenge culture 
scarifientions with a pul 
lorum dropper and rubbed vigorously with a for 
ceps. The fourth searification 

Temperatures were taken and 
least 
They 
Febrile 


and his classification of 


served as eontrol, 


pigs were individ 
daily for duves 


group 
deseribed by 


ually observed at ones nine 
after challenge. 
for 30 


Shuman 


were observed as a 


days. renetion as 


eutaneous rene 


tions were used as follows: immunity absenes 


of local reaction; incomplete immunity — transient 


and slight loeal reaction; susceptibility, localized 


persisting local reaction; suseeptibility, gener 


alized reaction becoming generalized, 


If any 
slight, the 


persisting 


local reaction appeared, no matter how 


animal was classified as ineompletels 

An added 
used to designate 
ized by the animals squealing when foreed to move 
and by walking on toes. In 
swollen joints were observed, The onset 


ally noticed within 24 to 48 hours after challenge. 


‘stiffiess,’’ a 


a sign of erysipelas character 


criterion wis term 


their some 


Was USL 


RESULTS AND DISCUSSION 


The purpose of this study was to deter 


immunizing agents in 
Pigs were 


mine the value of 
protecting pigs to market age. 
approximately 2!) months old at the start 
of the trial; the first challenge was made 


TABLE 2—Results of Challenge Following Immunization with Adsorbed Erysipelas Bacterin 
and Serum and Culture 


4's months of age (1/7/55) 5 


Incom 
Immuniz plete 
ing 


agent * 


Susceptible 


Group Irimune ity Local General 


1 Hacterin 
1 dose 
Hacterin 
2 doses 
Serum and 
culture 
Control 


months of age 


* Vaccinated at 2'y 
died 


nity classification /total challenged; 1 


» months of age (2 


Immune ity 


* challenge started two months after 


Challenge at ** 
months « 


Incom 
plete 


Inceom 
plete 
immu 


Susceptible Susceptible 


immu 
Local General Immun: it local Genera! 


20 1/20 17/20 23 1/23 2/23 17/23 


vaccination no. of pigs in immu 
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approximately two months following vae 
cination (tables 1 and 2). The pigs in all 
groups, except group 2 which received 2 
doses of bacterin, were 4!4 months of age 
at first challenge; three challenges were 


TABLE 3—Average Duration (Days) of Skin 
Reaction in Susceptible Pigs 


Time of challenge afte 
first Vaccination 


trroup 2 mo 


1 dows 


Kacterin, 2 dos 


Hacterin 
Serum and culture 15 (12 
Control 3.5 (17 


months of ag 


made at monthly intervals. Those in group 
2 were o!5 months of age at first challenge 
and only two challenges were carried out 
Results were analyzed statistically. 
Cutaneous Reactions J table 2, the 
numerator gives the number of pigs in the 
various reaction classifications and the de 
nominator gives the total challenged, using 
cutaneous reaction as the basis of classifi 
cation, For purposes of comparison by the 


chi-square method, the incompletely im 
mune pigs were classified as immune, and 


both Classes of susceptible pigs were con 
sidered susceptible. 

At the two-month challenge, the immu 
nity in the serum and culture group did 
not differ significantly from the controls, 
whereas one bacterin conferred 
immunity significantly better than either 
At the three-month challenge, immunity 
from serum and culture was again no bet 
ter than in the controls, while in both the 
one-dose and bacterin groups it 
was significantly better, although the lat 
ter two did not differ significantly from 
each other. At the four-month challenge, 
neither the serum-and-culture group nor 
the one-dose bacterin group showed better 
immunity than controls, but in the two 
dose bacterin group immunity was signifi 
cantly better than in the other three 
groups. The use of the second dose would 
appear to prolong the antigenic activity 
and the resultant immunity. These re 
sults, therefore, indicate the added value 
of the second immunizing dose in the pro 
tection of pigs to market age 

The average duration of skin reaction 
in susceptible pigs (table 3) following 
challenge of pigs vaccinated with serum 


dose of 


two-dose 


Stupies ON Erysireenas. III 


same as 
with one 


and culture, was essentially the 
the controls. In Vaccinated 
dose of bacterin, the reaction duration was 
less at the two-month and two 
days less at the three-month challeng: 
than in the controls, while at the four 
month challenge the duration of reactions 
Was almost equal. Vaccination with two 
doses of bacterin produced results essen 
tially the same as one dose at the three 
month challenge, but at the four-month 
challenge (6!.5 months of age) duration 
of reaction was 

trols Although 

trend, analysis by 
significant 

vaccinated 


pigs 


one day 


1.3 days less than con 


these results indicate 
means of the 
difference only be 
with 


controls at the 


showed a 
dose of 


three-month 


tween 

bacterin 

challenge 
Temperature 


pigs 


and 


Temperatures 
were recorded on the day of challenge and 
for eight succeeding days. The number of 
with a temperature 2 F. or 
more above initial temperatures are shown 
table 4) and the average deviation from 
the initial temperature is recorded (graph 
1) In paralleled obser 
Vations on occurrence and duration of skin 
reactions and indicated the superiority of 


Deviation 


pigs rise of 


general, results 


two doses of bacterin 
Statistically, fever 
pared after each challenge for difference 
in average temperature elevation and rate 
of increase and temperature 
Details will appear in another publica 
tion.’® At the two-month challenge, tem 
perature elevation in pigs vaccinated with 
serum and culture was significantly 
than the controls, but it rose substantially 
as rapidly in both groups. In pigs vae 
cinated with one dose of bacterin, temper 
atures were very significantly lower than 
the other two groups and did not rise as 
rapidly 
At the 


elevation of 


curves were 


decrease in 


less 


challenge, average 
pigs 


three-month 


temperature of vace) 


TABLE 4— Temperature Rise, Following Chal 
lenge, of 2 F. or More Above Initial Temperature 


Time of challenge after first 
vaccination 


Group 


Lacterin, 1 done 

Kacterin, 2 doses 

Serum and culture 9/20 
Control 14/20 


* Vaccinated at 2! months of 


No. pigs /total 


15 (2 2.2 (5 ae 
13 (16) 3.7 (138) 
1.7 (18 $5 (19 
* Vaccinated at 2! 
oe Number of pigs in average 
4. 
‘ 
2/2 
12/20 14/2 
16/18 
18/20 13/2 
‘ 
i 
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TABLE 5—Pigs Showing Stiffness (One Day or More) and Its Average Duration 


Time of challenge after first vaccination 


2 mo 


Group No. stiff /total Days (ave.) 
3/20 1.5 0/20 
2% 20 
at 9/30 2.9 17/14 
Centro! 20/20 44 14/20 

** Bacterin, 1 dose; 
nated with one dose of bacterin was very 
significantly lower than the serum-and- 
culture and control groups. In pigs vac- 
cinated with two doses of bacterin, the 
variation was not distinguishable from 
what might be expected in day-to-day 
temperatures of normal pigs. 

At the four-month challenge, average 
elevation of the serum-and-culture group 
was higher than the controls but not sig- 
nificantly so. The average temperature ele 


2 MONTHS CHALLENGE 
(4% MONTHS of AGE) 


- 


“CONTROL 


3 MONTHS CHALLENGE 


Deviation from initial Tem 


4 MONTHS CHALLENGE 
(6/2 MONTHS of ABE) 


Days 1 2 3 4 


ms 

5 67 
Digs Challenged a7 Day | 

Graph 1—Average deviation from initial tempera- 


tures following erysipelas challenge of pigs given 
one dose of bacterin (B-1), two doses of bacterin 


serum and culture (S-C) in comparison 


with the controls. 


(B-2), 


No. atiff/total 


bacterin, 2 doses; serum 


mo imo 


Days (ave.) Days (ave) 


10 
1.1 
1.2 


and culture 

vation of the group vaccinated with one 
dose of bacterin was not significantly less 
than the control, but was very significantly 
less than the serum-and-culture group, 
while the deviation in those vaccinated 
with two doses of bacterin was very sig- 
nificantly less than the other three. In this 
group, there was a moderate drop in tem- 
perature which was significant, although 
unexplained. 

Stiffness.—The number of pigs which 
showed stiffness for day or more, 
and its average duration in those affected 
(table 5) quite closely followed the ob- 
servations on cutaneous reactions and tem- 
perature. At the two- and three-month 
challenges following administration of one 
dose of bacterin, few or no pigs were af 
fected, while at four months, the number 
had increased slightly. At the two-month 
challenge, the serum-and-culture 
showed considerably less stiffness than the 
controls, but at three and four months, 
almost identical results were obtained. As 
in the other the number reacting 
to challenge clearly indicated the value of 
the second dose of bacterin. Duration of 
stiffness was affected in a like manner. 

Results were statistically analyzed by 
the use of the chi-square test for incidence 
and the ‘‘t’’ test for duration. At the 
two-month challenge, the incidence and du 
ration of stiffness in both the serum-and 
culture and the one-dose bacterin groups 
were very significantly less than the con 
trols. They did not differ significantly 
from each other regarding incidenee, but 
the duration of stiffness was significantly 
less in the one-dose bacterin group than 
in the serum-and-culture group. 

At the three-month challenge, the serum 
and-culture group no longer differed from 
controls in regard to either incidence or 
duration of stiffness. Those given either 
one or two doses of bacterin, on the other 
hand, had an incidence of stiffness which 
was very significantly less than either the 


one 


tests, 
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controls or the serum-and-culture group. 
The duration of stiffness in the two-dose 
bacterin group also was very significantly 
less, but as there was no stiffness in the 
one-dose group the duration could not be 
investigated. 

At the four-month challenge, the serum- 
and-culture group was again no_ better 
than the eontrols, concerning incidence 
and duration. The two-dose bacterin group 
was significantly better than the one-dose 
group, and both were very significantly 
better than either control or serum-and- 
culture groups in regard to incidence. Du- 
ration of stiffness was greatly reduced in 
all groups at this time, which may be as- 
sociated with age 


COMMENTS 


Because of variability in’ immune re 
sponse following vaccination with serum 
and culture in the dosages currently ree 
ommended, investigators contend 
that the ratio between serum and culture 
should be more nearly balanced. In a 
controlled experiment, Shuman '* demon 
strated superior duration of immunity 
when weanlings were vaccinated with 0.5 
ce, of culture and 3.0 cc. of serum, a ratio 
of 1:6, rather than the recommended ratio 
of 1:20. There is the possibility, there- 
fore, that results of serum and culture ad- 
ministration in the present trials might 
have been more satisfactory had different 
used. It must be 


some 


dosage schedules been 
pointed out, however, as Shuman has 
stated,’* that until wide field proves 
the safety of dosage changes, such recom- 
mendations can not be made. Thus, the 
currently recommended dosages were used 
in this experiment. 


SUMMARY 


A total of 154 weanling pigs were vae 
cinated against erysipelas either with cul- 


and serum at the recommended dos 
of 0.5 ce. and 10.0 ce., with one 5-cee. 
dose of an adsorbed erysipelas bacterin, or 
with two doses of the bacterin at an inter- 
val of one month. Groups of the vaccinated 
pigs and of 63 unvaccinated controls were 
challenged at monthly intervals starting 


ture 


ages 


on Erysivenas. III 130 


approximately two months following vacci 
nation, through 6!4 months of age. Chal 
lenge was performed by the skin scarifica 
tion method, and criteria of immunity 
were cutaneous reactions using Shuman’s 
classifications, temperature rise, and *'stiff 
Results were examined statistically 

In all cases, more satisfactory results in 
protecting pigs to market age were ob 
tained by the administration of one dose 
of bacterin than with culture and serum, 
but definite superiority was demonstrated 
by the administration of a second immuniz 
ing dose of bacterin one month following 
the first. 


Hess. 
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Gaseous Requirements for Growth of Vibrio Fetus 


C. V. REICH, M.S.; E. V. MORSE, D.V.M., Ph.D.; J. B. WILSON, Ph.D. 


Madison, Wisconsin 


LITRKAKURE CITED 


Present techniques for the cultivation of Vibrio 
fetus suggest the use of an atmosphere containing 
10 per cent carbon dioxide.’ The reason for the 
use of carbon dioxide is obseure and after a search 
of the literature we assumed that the proceedure 
was developed as a result of the methods used for 
cultivation of Brucella abortus. Early investiga 


* discussed the similarity in the cultural and 


tors” 
pathological features of V. fetus and Br. abortus, 
Later, when Br. abortus was shown to require car 
bon dioxide per se, it is probable that the ear 
lier comparison was sufficient to cause this method 
of cultivation of Br. abortus to be referred, un 
questioned, to the cultivation of V. fetus. 

This paper reports experiments designed 
to determine whether the use of 10 per cent 
carbon dioxide in the environment favors 
or stimulates the growth of V. fetus. 


MATERIALS AND METHODS 


Generai Procedure.—The amount of growth on 
agar slants incubated in different gaseous environ 
ments was chosen as the eriterion for determina 
tion of the most effeetive environment for V. fetus 
Accordingly, a standard loopful (ea. 4 mm, diam 
eter) of a 72-hour-old semisolid broth inoculum 
was used to streak the surface of an agar slant. 
After incubation at 37. for five days in the de 
sired atmosphere, the growth was removed by wash 
ing the surface of the slants and was measured 
turbidimetrically, 

Cultures.-Vorty-two strains of Vibrio from a 
variety of sources were employed, The entire group 
was grown initially under 10 per cent carbon diox 
ide in air, at 37C. on slants made from Albimi 
Brucella agar plus 0.5 per cent added agar to a 
final concentration of 2 per cent agar. After one 
week, 12 strains showed visible growth. These 12 
plus one strain showing possible growth and two 
strains whieh did not show evidences of growth 
were selected. Purity of the enuiture was aseer 
tained at frequent intervals by appearance of the 
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characteristic growth pattern as well as by Gram 
staining and microscopic examination 

Inoculum Five milliliter ef semisolid broth, 
prepared by adding 0.1 per cent agar to Albimi 
Brucella broth, were dispensed into test tubes (15 
by 125 mm.) and sterilized in the autoclave at 15 
ib. for twenty minutes. These were seeded twenty 
four hours after preparation with 0.5 ml. of a 
shaken, two-week-old inoculum and incubated 
37C. under 10 per cent carbon dioxide At sev 
enty-two hours, the tubes were shaken to assure 
uniform distribution of the organisms and used 
immediately to inoculate the slants. After this use, 
they were kept in air at room temperature, to be 
used for future seeding 

Agar Slants.-Fifteen milliliter of the modified 
Albimi Brucella agar medium were dispensed into 
test tubes (22 by 175 mm After sterilization in 
the autoclave, the tubes were slanted to give uni 
form surfaces about 10 em, in length. The tubes 
were inoculated twenty-four hours after prepara 
tion by touching a standard loopful of inoculum 
to the surface 2 em, from the leading edge, push 
ing forward to within 1 em of the bottom edge, 
and then withdrawing the loop by streaking from 
side to side to cover all of the surface. The lower 
lem. of the slant surface was avoided in order to 
minimize the growth in the syneresis fluid 

Gaseous Environment.--Gas measurements were 
made at room temperature (ea, 25.) using a ba 
rometer and a mereury manometer, The inoculated 
agar slants were placed in vacuum desiccators ; the 
latter were evacuated to the amount of substitute 
gas desired, plus the amount of barometric pres 
sure over 700 mm. When the substitute gas was 
added, there remained a partial vacuum corre 
sponding to the barometrie pressure in exeess of 
700 mm. and the total pressure in the desieeators 
was constant. 

Preliminary investigation showed that the car 
bon dioxide normally present in the air had ne 
effect within the accuracy of the experiment and 
was ignored. All diluting gases were commercial 
preparations having an analysis of better than 99.5 
per cent purity. 

Turbidity Readings The inoculated agar slants 
were removed from the artificial environment after 
five days of incubation at 37C. Three milliliter 
of OA per cent formalin in sterile 0.85 per cent 
sodium chloride solution was added to each tube 
to wash the growth from the surface, These wash 
ings were placed in’ stoppered collection vials. 
Twenty-four hours later, 2-ml. aliquots were taken 
after uniform shaking and transferred to pho 
tometer tubes for turbidity readings \ Coleman 


junior speetrophotometer was used wit! ight wave 
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of 5,500 angstroms being selected as offering the 


broadest seale for reading. Readings are 


When the 


given 


as optical density x 100 results of the 


duplicates were in disagreement, a single culture 
of that strain was retested. 

Catalase Test During the course of the inves 
tigation, the entire stock of cultures was examined 
for catalase aetivity. The 42 strains were inocu 


lated onto agar slants and incubated as previously 


deseribed, in an environment of 475 


mm. of mer 


eury of helium mm, of mereury of air 
6% 
U8.P. 


to the growth on each slant 


plus 225 


oxygen Following ineubation, a loopful of 


3 per cent hydrogen peroxide was touched 
If peronict 


sition, as evidenced by bubbling, occurred, the 
strain was considered catalase positive. 
Test The total stock of 42 


grown on agar slants in an 


Hydrogenase 


strains was atmos 


phere of 350 mm. of mereury of hydrogen plus 
350 mm. of mereury of air (9.2% oxygen After 
five days’ incubation at 37C., only those strains 


removed from the 


Suspensions of 


to be tested immediately were 


incubation environment, approxi 


mately 10° eells per milliliter in sterile 0.85 per 
cent sodium chloride solution were made of each 
strain to be tested. 


The 
was used for the test 
phosphate, 


Klett-‘Summerson Thunberg tube method 
Two ml. of M 
adjusted to pH &.0) with 
phorie acid, 0.7 ml. of a 1:10,000 aqueous dilution 
of methylene blue chloride and 1.5 mil, of distilled 
Into the exp was 


15 potassium 


orthophos 


water were placed in each tube. 


placed 0.1 mi. of the cell suspension. The tubes 
were closed and evacuated with a water aspirator, 
then refilled with hydrogen, This procedure was 
repeated three times and the tubes were then 
placed in a 364 water bath and allowed to equi 


librate for temperature, after which time the cells 
were tipped into the tube. 


If decolorization of the blue oeeurred 
the proceedure was repeated under the same con 
ditions of the previous trial, but helium was used 


TABLE 1 


Oxygen 


re 


maining 


partia ean 


vacuun 


haximum 
mean 
minimum 
Nitroger maximum 61 
mean 
minimun 
maximur 
minimum 


Helbum 


Carbon 
dioxide 


mean 
minimum 
Numbers 


represent optical density times 100 


GASEOUS REQUIREMENTS FOR GrowTH oF Visrio Frerus 


Mean, Maximum, and Minimum Growth of 15 
Different Gaseous Environments 


maximum ou 66 


14] 


instead of 
For the 


hydrogen to replace the evacuated ai 


purpose of this work, positive hydrogenase 


netivity is defined as the ability to reduce methyl 
ene blue within one hour under hydrogen gas and 
the failure to reduce the dye within two hours 
under helium 

ReSULTS AND Discussion 


Data from the experiments on growth of 
V. fetus in different gaseous environments 
are given in table 1 
ment is given in percentage of oxygen in 
the diluting gas. It is apparent from these 
data, which are given in optical densities 


The rHseous environ 


representing the comparative amounts of 
growth, that as the percentage of oxygen 
is lowered the growth increases to a pout 
Where a very low amount of oxygen be 
comes the limiting factor. Carbon dioxide 


as a diluting gas resulted in) no better 
erowth than when nitrogen, helium, or 
acuum were used to dilute the oxygen 


Which is proof that an increased percent 
age of carbon dioxide per se is not needed 
for growth but that carbon dioxide simply 
verves as a diluent to lower the percentage 
of the environment The com 
monly accepted environment of about 10 
per cent dioxide in the air is de 
noted in table 1 at 15.8 per cent of oxygen 
It is evident that greater yields of cells can 


carbon 


be obtained by using greater concentra 
tions of diluent regardless of gas used 
Moreover, carbon dioxide iis diluent dem 


inhibition when in the 
higher concentrations. In general, all eases 
with the exception of 


comparable growth curves 


oustrates some 


hydrogen | 


Strains of Vibrio Fetus Under 


= 
= 
We 
4 
= 
a 
(%) 14 15.4 1 10.5 ‘ 
66 71 (vacuum too great for container 
103 10 75 j 
i4 12 15 3 
42 6 H6 6m 45 12 
Ast 
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The data show greatly increased maxi- 
mum cell yield obtained under hydrogen as 
the diluting gas. This increase was ob- 
served in several strains only, while the 
remaining strains behaved as they did un- 
der the other gases. 

Table 1 demonstrates the critical nature 
of the concentration of air in the ineuba- 
tion environment. The maximum cell yield 
evidently occurs within the range of 8 per 
cent oxygen. Using the values obtained in 
the experiments with helium, the maxi- 
mum yield can be extrapolated (from a 
prepared curve) as occurring at 225 mm. 
mereury of air and 475 mm. mereury of 
diluent. If oxygen of the air is assumed to 
be the critical factor, this point then corre- 
sponds to an optimum oxygen level of 6 
per cent. The values for hydrogen, carbon 
dioxide, and evacuation only were ignored 
in this determination in order to eliminate 
the possibilities of, respectively, stimula- 
tion, inhibition, or pressure effect. The oxy- 
ven level of 6 per cent was tested on all 
strains available (a total of 42) and these 
responded well to this environment, show- 
ing good cell yields on agar surfaces, in 
broth tubes, or in broth shake cultures. 


The maximum yields reported (table 1) 
reflect the ability of a few strains to grow 
better in the medium particularly at the 


higher percentages of oxygen. This is 
probably in part an expression of the fa- 
miliar observation that V. fetus may be 
‘adapted’? to growth in air, a culture 
produces mutants which are better adapted 
to grow in air than the parent culture 
which grows best in lowered amounts of 
oxygen, 

During the evaluation of the data, it be- 
came apparent that if the responses of in- 
dividual strains were considered, then the 
15 strains used could be divided into two 
groups. Each strain within a group would 
generally conform to a curve typical of that 
group, and still further, each group would 
generally include strains isolated from 
a common host species, 7.¢., ovine or bovine. 
This manifestation becomes most apparent 
at the lowest percentage of oxygen used in 
the experiment. If the desiccator contain- 
ing the inoculated slants is evacuated to 24 
mm. of mereury of air remaining (0.6 % 
oxygen) aid then nitrogen is added to a 
total pressure of 700 mm. of mercury, the 
division of the species becomes visually evi- 
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dent. The cell yield of the ovine strains is 
sufficient to cause visible turbidity while 
the bovine strains produce no turbidity. 
Thus, it appears that this may be a tech- 
inque useful in identifying strains of V. 
fetus of bovine and ovine origin. 

On examination of the results of these 
experiments, two supplementary questions 
arose. First, does the increased cell yield 
of certain strains in the presence of hydro- 
gen indicate the presence of a hydrogen 
ase? Second, could the growth of some 
strains at the near anaerobic conditions of 
the separatory technique be related to the 
absence of a catalase system? 

The entire stock of 42 strains was tested 
for hydrogenase and catalase activity. 
Twenty-four of the 42 strains were positive 
for hydrogenase and 32 were positive for 
catalase. There was no apparent correla- 
tion between the occurrence of these en- 
zymes. The presence of hydrogenase had 
no obvious relation to the origin of the cul- 
ture but could be predicted with reasona- 
ble certainty on the basis of increased cell 
yield under hydrogen plus air when com- 
pared to cell yield at a comparable dilu 
tion of the air with any of the other gases 
The test for catalase did not offer a means 
of separating ovine from bovine strains. 
It did, however, show specificity as to 
source of the isolate. Without exception, 
those ten strains which were isolated from 
vaginal mucus or bull semen did not pos 
sess catalase while the 32 strains directly 
connected with a clinical infection were 
catalase positive. The ten ‘‘saprophytice’’ 
strains along with 27 isolates from known 
bovine or ovine abortions were utilized for 
confirmation of the separation technique 
Within the latter group, seven strains, of 
which six were ovine, showed visible tur- 
bidity and 20, of which 18 were bovine, 
showed no growth. This constitutes sepa- 
ration on the basis of known origin, using 
the low percentage of oxygen technique, of 
24 of 27 strains with an accuracy of 90 per 
cent. The ten ‘‘saprophytie’’ strains from 
mucus or semen demonstrated no. signifi- 
cant correlation. Moreover, even though 
all ten saprophytic strains were of bovine 
origin, every degree of growth from ab 
sence to luxuriant was evident within the 
group. 

Since the completion of these investiga- 
tions,’ the reports of Bryner and Frank * 
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and Price et al.” have been published which 
also report similar findings regarding the 
catalase activity of V. fetus and related 
vibrios. 


SUMMARY 


Carbon dioxide in concentration greater 
than that usually present in air is not es- 
sential to the growth of Vibrio fetus. 
Forty-two strains tested responded to a 
microaerophilic environment containing 6 
per cent oxygen with considerably better 
growth than in air environment containing 
10 per cent carbon dioxide. The percent- 
age of oxygen is lowered using, as diluent, 
helium or nitrogen rather than carbon di- 
oxide which exhibits some inhibition at this 
concentration, Many strains are appar- 
ently sensitive to hydrogen, showing in- 
creased yields in its presence. The ability 
to reduce buffered methylene blue in’ the 
presence of hydrogen but not helium was 
demonstrated by 24 of the 42 strains. 

It was possible to divide the test group 
of organisms into three categories. Vibrios 
isolated from bovine semen or vaginal mu 
cus were catalase negative as compared to 
the remainder of the group which were 
catalase positive. Ovine and bovine abor 
tion isolates could be divided, according to 
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origin, on the basis of amount of growth in 
an atmosphere of 24 mm. of mereury of air 
and 676 mm. of mercury of nitrogen. With 
a standardized inoculum, the ovine strains 
produced visible growth, while the bovine 
strains did not give visible growth 
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Jaundice and Bilirubinemia as Manifestations of Canine 
Distemper in Raccoons and Ferrets 


LAWRENCE KILHAM, M.D.; ROBERT T. HABERMANN, D.V.M.; 
CARLTON M. HERMAN, D.Sc. 


Bethesda, Maryland, and Laurel, Maryland 


A pkevioUs communication’ deseribed an 


agent, isolated from the liver of a wild 
raccoon (Procyon lotor), which caused bil 
irubinemia and jaundice in raccoons and 
ferrets, Contrary to this preceding report, 
examination of more extensive material 
has revealed presence of inclusion bodies 
in Various tissues, which are characteristic 
of canine distemper, Cross-immunity tests 
and clinical observations have further 
identified this icterogenic agent as a mem 
ber of the canine distemper virus (DV) 
complex. Bilirubinemia has not been con 
sidered a usual manifestation of 
induced by these viruses. The present re 
port describes isolation of two further 
strains of DV which have induced jaun 
dice, one from a wild and 
from ferrets, and describes some of their 
attributes 


diseases 


raccoon one 


Veritope 


\side 


were 


Kerrets 


Florida, 


haccoons and from a few pur 


obtained from 


South 


chased on raccoous 
wildlife 


Deluware, 


refuges in Louisiana, Carolina, 


and Maryland Ferrets were purcha ed 


from cdenlers 
fyainst Aecidental Infcctions (‘a 
difficult 


following safeguards were observed. 


Safequards 
tine distemper is a infection to control 
and the Non 
infected and unused animals were kept on an ani 


mal farm ten miles from the laboratory building 


Where inoculated animals were maintained in sepa 


rate cages. Clean, cardboard containers were used 


for eneh food ration and animals were fed and 


Witered a8 4 separate operation after cage clean 


ing. Obviously ill animals were placed together 


in & separate room reserved for them, 


Blood 


Serums were 


Serums wis obtained by eardiae pune 


ture, used fresh for bilirubin deter 


mination, innetivated at 56°C. prior to use in sero 


logical tests, and stored in a frozen state. In a 
(Kilham) 
Diseases 
Bethesda 
Wildlife 


Laurel, 
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Md 
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Hamilton, Mont 

The authors are indebted for the technical 
of Miss Naney Belcher 


National 


Research 


assistance 
Cooper and James H 


died of 


postmortem. 


number of instances, animals whieh had 
the disease were bled satisfactorily 

Virus Preparations Virus was stored by plac 
ing whole sections of infeeted livers and spleens in 
freezing. For 
thawed, 


infusion 


serew-top vials for preservation by 


aliquots of this material were 


1:10 


inoculated in amounts of | 


pussage, 


made into suspensions with ment 


broth and mi., intra 


peritoneally. To remove baeteria, sueh prepara 


tions were centrifuged at 4,000 rpm. for one 
hour in a cold centrifuge and then cither treated 
with penicillin and streptomycin or passed through 
au Selas bacteria-tight filter 
DV, designed as Ry (Maryland) 


have 


Two strains of 


and R 
wild 


(Pennsy! 


vania), been isolated from raccoons 


The Ry 
port. 


strain was the subject of a previous re 


A third strain (F was isolated from fer 


rets apparently shipped from Ohio when diseased 
Standard Control Serums Two 


Virus and 


DV, 


passed in 


trains of which were of canine origin and 


had been ferrets, obtained from 


were 
laboratories. Strain 788° was obtained from 
i¢© Army Medical Service Graduate Sehool, Wash 
ington, An 
from Lederle Laboratories Division, American Cs 
Pearl 
plied paired ferret serums which ineluded a known 


other 


iiditional strain was obtained 


namid Co River, N. Y Which also sup 


positive and a normal control as determined by 


reutralization tests run in ferrets against DV 
Leder 


* 


Canine distemper vicecine, avianized 


iven in doses of 1 to 2 mil 


in vaeeination studies 


PERIMENTS 
Wild 


isolated 


Isolation of Virus from Raccoons lis 


mper virus (R Wits from a disensed 


id raccoon which was captured in Pennsylvania 


in May, 1954 


liver and spleen 


A 10 per cent suspension of pooled 
inoculated 
into 4 


well 


from this animal was 


intraperitoneally in amounts of 1 to 2 mil 


other rnecoons,. Two of these remained and 


) became ill, both of the latter developing bilirubi 
One of the latter 


was moribund 


raccoons became ill in 


seven days and with marked jaun 
iliee (total 


day. The original raccoon (R.) did not have bili 


serum bilirubin 7.6) on the following 


rubinemia, but eytoplasmic inclusions were found 


in biliary epithelium similar to those photo 


(fig. 1). Rae 
bron 


graphed in the other (R, 


coon Re also had cytoplasmic inclusions in 
epithelium 


cells of the cerebrum 


chial and intranuclear inclusions in 


glial and in the granular 


laver of the cerebellum 
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Raccoons and Fer 
R., and F, 
a similar clinical pie 


Type of Disease Induced in 


rets.—In present experiments, the R,, 


strains of have given 
ture in 
50 animals have added little to the original de 
scription,’ although hyperemia and edema of anal, 
gingival, and bueeal mucosae as well as character 
pronounced in 

observed in the 
strain 


virus 


raccoons. Continued observations on over 


istie odor have been some cases 


Convulsive movements, raccoon 
which the R, 


been encountered in animals artificially inoculated. 


from was isolated, have not 


Ferrets inoculated in present experiments with the 
R, strain usually died within 1 to 3 days, present 
ing minimal conjunctivitis and mucosal lesions 
Findings more commonly with 
per in ferrets were not observed until the appar 
ent introduction, late in the 
experiments, of the F, strain of DV. 

At this time, a shipment of 30 ferrets 
was received, Of these, 17, mostly preg 
nant females, developed paralysis and en- 
cephalitis whether or not they had been in- 
oculated. Of particular interest was the 
observation that in continued  ferret-to- 
ferret passage by means of infected liver 
suspensions, many of those inoculated de- 
veloped stomatitis, swelling and closure of 
the eyelids with exudate and, as discussed 
below, higher levels of serum bilirubin 
than had been encountered previously. 
Two raccoons which became ill 11 days 
after inoculation with the F, strain devel- 
oped marked jaundice. In the infections 
induced by all 3 strains (R,, R., Fy), en 
largement of spleens has been striking in 
ferrets but not in Catarrhal in- 
flammation and pneumonitis have been 
minimal in both species. Approximately 
100 per cent of ferrets and 50 per cent of 
raccoons have proved susceptible in pres 
ent experiments to fatal disease following 
inoculation with any one of the three 
strains. The minimum incubation period 
for all strains was eight to nine days 
(table 1 

Bilirubinemia.—Levels of serum biliru- 
bin in 39 and 23 ferrets which 
were bled when moribund or recently dead 
from distemper are summarized (table 1).* 
Serums obtained from these raccoons and 
ferrets prior to inoculation with virus had 
total bilirubins ranging from 0.01 to 0.29 
mg./100 ml. A level of 0.3 mg./100 mil... 
therefore, has been regarded as the upper 
limit of normal. A majority of diseased 


associated distem 


course of present 


raccoons, 
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inoculated with the Ry, strain 
(experiment 1) had total serum bilirubins 
of from one to four at time of death, 14 
of 19 in this group having had jaundice 
The highest bilirubin encountered was 
11.8 mg. /100 ml. Of 3 infected 
with the RR, strain 4 2 


raceoons 


raccoons 
(experiment 2), 2 
developed jaundice. The 12 ferrets inocu 
lated with the R, strain of DV. (experi 
ment 3) developed mild bilirubinemia, 
having had levels below 1.0 mg./100 ml 
and 3 below 2.2 100 ml. when mori 
bund or recently dead from infection. The 
majority of 11 ferrets inoculated with the 
strain (experiment 4) had pro 
nounced bilirubinemia. Five had a total 
serum bilirubin higher than eight, and 2 
had levels of 15.1 and 184 
Cross-Immunity Tests. Both adult rac 
and weanling ferrets were vacei 
nated by subcutaneous inoculation of 1 to 
2 mil. of avianized distemper virus (Le 


Fig. 1—Section of liver from wild raccoon (R,) 
showing cytoplasmic inclusions of bile duct epithe- 


lium (arrow). Hematoxylin and eosin. x 750. 
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TABLE i—Distribution of Elevated Levels of Serum Bilirubin among Raccoons and Ferrets 
Bled when Moribund or Recently Dead from Distemper 


Number of Animals 


Strain of 

DV* used 
Experi for inocu Inocu 
ment lated 14 

4 Kaccoon K 

Ferret K 
Ferret 11 4 2 


Species lation 


* Distemper virus; ¢ all animals inoculated with 1 


peritoneally; ** 0.5 mg./100 ml. considered 


derle). Vaecination under these conditions 
led to Immunity in most but not all of the 
ferrets. Thus, 3 of 6 ferrets challenged 
with one strain (788) of DV of canine 
origin two weeks after vaccination, devel 
oped signs characteristic of distemper and 
were dead or moribund nine to 13° days 
later. Likewise, 3 of 10 ferrets challenged 
with a second strain of DV 


( Lederle of 
canine origin, became ill. One of these was 
moribund in nine days and the other 2, 
which were mildly ill in ten to 12 days, 
were killed when bled six to eight days 
later. There remained, therefore, 10 vacei 
nated ferrets which had resisted challenge 
with strains of DV obtained from other 
laboratories (group 1, table 2). These ani 
mals, two weeks after their initial chal 
lenge, were given a final challenge with the 
I, Ry, and R, strains. Animals which sur 
vived without illness over a three and one 
half-week to five-week period of observa 
tion were considered to have resisted chal 


lenge. Of 3 ferrets which resisted chal 


Total serum bilirubins (mg 


None 


10 suspension of infected livers 


Time (days 


101 Ineuba Duration 
tion of 


With 


4-5 4-12 12-18 jaundice period rilness 


, 2 None 
2 None None 
None None 


None 
None 3 4 


and spleen 2 mi. intra 


upper limit of normal 


lenge with strain resisted 
subsequent challenge with the R, and 2 
with the F, strain. Of 7 ferrets unaffected 
when challenged with the Lederle strain, 3 
survived subsequent inoculation with the 
R, strain, 2 with the R, strain, but only 
1 of 2 given a final challenge with the F 
strain remained well. The ferret which be- 
came ill 12 days after inoculation with the 
Kk strain and died when bled two days 
later had swelling and closure of the 
eyelids. 

Additional cross-immunitys 
performed in animals vaccinated but not 
subsequently challenged with DV of ca 
nine origin. Of 5 raccoons (group 2, table 
2) inoculated three weeks after vaccina 
tion, 3 remained well following challenge 
with the F, and 2 following challenge with 
the R, strain. Seven ferrets (group 3, 
table 2) were challenged 3 weeks after vac 
cination, 3 with the R, and 4 with the F 
strain. Six survived this challenge without 
ilIness, and 1 became ill 15 days after in 


one 


tests were 


TABLE 2—Results of Challenge of Distemper Vaccinated Ferrets and Raccoons w°th 
Bilirubinemia-Inducing Strains of Distemper Virus (DV) 


Challenge with 


DV strain canine 


Date 


origin 


nated 
(avian 


Species 
and No 
involved Strain Date 


(rroup vaceme) 


! ferrets THA 


7 ferrets Lederle 


5 raccoons 


7 ferrets 


4 ferrets 
(eon 
trols) 

5 raccoons 
(con 
trols) 


* Not done 


Final challenge with 
Results of 
final challenge 


bilirubinemia inducing 
strains 
Died or were 
killed when 
moribund 


Kemained 


No. of 


animals well 


Strain 
K 
K 


K 


0 
0 
Lill 
atypical 
, 


0 


146 
21 2-8 
2 16 2 
A-15 1-5 
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2 
6/9 6/23 0 
| 2 2 0 
2 1 4 
K 2 2 
1 
ND K 2 6/3 0 
K 1 
F, 1 0 1 
ND ND K 6/3 
K 2 0 2 
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with the F, strain. This sick 
ferret circled or rolled over and over in 
one direction, a form of disease not ob 
served in other ferrets. The R,, R., and F, 
virus preparations used in cross-immunity 
tests were fully virulent as demonstrated 
by the disease and deaths induced in un 
vaccinated control animals, which included 
4 ferrets and 3 raccoons (groups 4 and 5, 
table 2). 


oculation 


DISCUSSION 


The term ‘‘canine distemper virus com 
plex’? would appear a useful one to cover 
strain differences manifested by variations 
of disease patterns induced by closely re 
lated agents. In this respect, these agents 
may be compared to the psittacosis group 
of viruses. Inclusion cross-immu 
nity, and possibly complement -fixation 
tests at present under study may provide 
common denominators for the entire com 
plex. The above studies have centered On 
three freshly isolated strains of DV all ca 
pable of inducing bilirubinemia. Three 
lines of evidence, clinical picture, patho 
logical changes, and cross-immunity tests, 
have indicated that the bilirubinemia-in 
ducing agents are members of the canine 
distemper complex induced in 
ferrets by the R,, R., and F, strains corre 
spond to deseriptions given by Larin ® and 
his so-called group A strains of DV. Dif 
ferences in incubation period and duration 
of illness may have resulted from the fact 
that febrile reactions were not determined 
in present investigations. 
distemper in ferrets by Dunkin and Laid 
law ‘ 
deseribed above especially in regard to in 
cubation period and appearance of mouth 
and Swelling of the feet, however, 
was observed in only a small number of 
ferrets, all infected with the EF, strain 
Thus far, we have found no full deserip 
tions of distemper in raccoons. 

Location, distribution, and appearance 
of inclusion bodies encountered in experi 
mental animals and in 2 original raccoons 
from which the R, and R, strains were iso 
lated did not differ from deseriptions by 
Green and Evans.* Presence of cytoplas 
mie inclusions, seen on histological sections 
of biliary epithelium, suggest that this tis- 
sue is subject to infection with DV. He 
patic cord cells have contained no inelu 
sions and except for seattered areas of 


bodies, 
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focal have appeared relatively 
undisturbed. Jaundice has not been as ob 
vious in ferrets as in raccoons, vet the for 
mer have exhibited higher levels of serum 
bilirubin. An explanation of this phenom 
enon may be that raccoon fat is normally 
white so that a vellow tinge is readily ob 
served. Ferret fat, on the other hand, ts 
normally rather pink and offers less suit 
able background 


Necrosis, 


In reviewing investigations, it 
would appear that host factors may influ 
ence the type of disease induced in ferrets 
by DV. Thus, the F, strain was originally 
recovered from a shipment of ferrets, most 
of which were pregnant. The facet that 17 
of 30 of these ferrets developed) paralysis 
of hind quarters and convulsions, whereas 
passage of virus to other ferrets, whether 
males or nonpregnant failed to 
produce this type of illness suggests that 


present 


females, 


pregnancy may be a factor predisposing to 
DV-encephalitis. A second host 
properly evaluated in 


factor not 


present st ndies is 


that of aye Most of the ferrets observed 
for billrubinemia induced by the Ry and 
I’, strains appeared to be adults. On the 


hand, ferrets available for inocula 


tion with strains of canine origin were only 


other 
one or two months beyond the weanling 
animal inoculated 
Until the question of 


stage as was a single 
with the R 
whether young ferrets are less susceptible 
than adults to answered 
it would appear preferable to use older an 
this 


strain 
bilirubinemia is 
imals for investigations of manifesta 
tion of distemper 

Over-all results of cross-immunity tests 
provide evidence that the bilirubinemia 
inducing strains are part of the canine dis 
temper complex Thus, of 10 ferrets which 
had been previously vaceinated and tested 
for immunity by challenge 
with DV strains of canine origin, 9 re 
sisted challenge with the R,, Ry, and EF 
strains, Of ferrets vace) 
nated three weeks previously, all but 1 
ferret resisted challenge with the bilirubi 
nemia-inducing strains. R,, Ry, and Fy vi 
rus preparations as well as those of the 
canine strains used for challenge in these 
tests were shown to be fully virulent by 
deaths induced in control animals. An un 
anticipated development in experi 
ments was that the distemper vaccine did 
not protect all ferrets, particularly those 


subsequent 


5 raccoons and 7 


these 
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challenged with strains of canine origin. 
More complete protection might have been 
obtained if the ferrets used, which were 
small weanlings, had been older. 

In conclusion, an idea that distemper 
may be of importance as a cause of epi- 
zootics among wild carnivores, such as are 
known to reduce raccoon and skunk popu- 
lations in certain localities, would appear 
to offer, on the basis of present findings, a 
basis for future field investigations. Di- 
agnosis of DV infections in wild life would 
be most certain when clinical and patho- 
logical observations, coupled with  isola- 
tion of virus, all provided confirmatory 
evidence. 

SUMMARY 


1) Two strains of distemper virus have 
been isolated from wild raccoons and one 
strain from ferrets. 

2) All strains isolated have induced bil- 
irubinemia in raccoons and ferrets. Many 
raccoons with bilirubinemia also had 
jaundice. 

3) Identification of 


these strains as 


HIABERMANN 


Ver. Res 


members of the canine distemper virus 
complex has been by elinical and patholog- 
ical findings consistent with this diagnosis 
as well as by cross-immunity tests. 
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ADDENDUM 


Since preparation of the manuseript, the com 
plement-fixation tests referred to in the diseussion 
have been shown to be specific and results will be 
published. They give added proof that the R,, R., 
and F, part of the 


complex. 


strains are distemper virus 
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Studies on Depression of Radioiodine Uptake by the Thyroid After 
Phenothiazine Administration. |. Investigations of the Factors 


in Phenothiazine N. F. Responsible for the Thyroidal Effects 


R. H. WASSERMAN, Ph.D.; B. F. TRUM, D.V.M.; R. A. MONROE, Ph.D.; 


PHENOTHIAZINE (thiodiphenylamine) N. F 
(green),* one of the most useful veteri 
nary anthelminthies, has been shown by 
Talmage ef to suppress 1-131 (radio 
iodine) uptake by the thyroid gland of the 
rat, burro, sheep, ox, and other species. 
Because it has demonstrated that 
minute quantities of iodine are able to 
decrease thyroidal uptake of 1-131,*° Tal 
mage and his group (loc. cit.) have sug 
gested that the iodine known to be present 
in green forms of phenothiazine may pro 
duce the observed results by iodine satura 
tion of the thyroid gland or dilution of the 
radioisotope. The possibility of a true thy 
roid depressor in phenothiazine was not 
excluded. The purpose of this work was to 
investigate the validity of either postulate 

Radioiodine is employed clinically 
assess the ability of the thyroid to accu 
mulate iodine, to incorporate iodine into 
thyroxine, and to release thyroid hormone 
into the circulatory system.” A lowered 
thyroidal uptake of 1-131 may be indica- 
tive of an inhibition of the accumulating 
mechanism in the thyroid per se, a sup 
pression of pituitary gland (thyrotropin 
production) or the action of an increase of 
stable iodine in the blood. 

The chemical, chromatographic, and 
physiological behavior of iodine in com 
mercially available phenothiazine and lab 
oratory-synthesized phenothiazine 


been 


Was 
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* Phenothiazine N.F. (green) is the nonpurified com 
mercial product with a purity of about 9 per cent and 
freezing point of not less than 179 C. Purification by 
crystallization, sublimation, et cetera, yields the pale yel 
low purified phenothiazine with a melting point 
184-165 C., labelled phenothiazine NF. (purified) 
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Te 


compared with potassium iodide. In addi 
tion, the thyroidal effects of a number of 
commercial phenothiazines, both purified 
and green, were assayed. These studies 
indicate that at least two factors are 
operative depressing thyroidal 1-131 


accumulation 
EXPERIMENTAL Data 


MeTHODS AND 


Potassium Lodide (KI) and I'he 
Thyrovdal 1-181 Up 
(green) and KI, at 
,9x 10°, and 30% 
thyroidal T-131 ae 
if the iodine 


Comparison of 
Phenothiazine N.F 
equivalent iodine levels (4 x 10 
10° % 
cumulation should 
content of phenothiazine 
agent. The bioassay of the thyroid effeets of then 
involved the 


nothiazine (Green) on 


take 


were compared, The 


have been similar 


was the sole enusative 


substanees utilization 


of groups of 


10-day-old chicks maintained on a low iodine, corn 


menl ration for three days, followed by three days 
on their rations The 
chieks 


0.2 pe. of 


respective 
then injeeted intraperitoneal 
earrier free 1-131 as the iodide ion 
Kight hours after the injection of 1-131, the chieks 
killed and their thyroid glands excised for 
radioassay, Each group contained 18 chicks 
Statistical analysis of the results (graph 
1) showed the thyroid uptake vs. iodine 
concentration for both treatments 
to be straight line functions on a log-log 
plot. The two curves were in proximity, 
crossing at an iodine concentration of ap 
proximately 12x 10° per cent. However, 


rimental 


were with 


were 


curves 


the slopes of the lines differed by a small 
but statistically significant value (p - 

O01). These observations suggest that the 
major responsible agent in’ commercial 


phenothiazine could be iodine but that still 
another factor contained therein slightly 
altered thyroidal 1-131 uptake 

Effect of Phenothiazine 
Thyroidal 1-131 
phenothiazines N.F. (green) and purified 
phenothiazines N.F. were compared as to their 
1.131 uptake by the 
purpose of this sur 
test the uniformity of the thyroidal 
different phenothiazines. If iodine 
is the enusative agent, variations in the ef 


Comparative from 
ptake 


two 


ferent Sources on Five 


ability to depress thyroidal 
aforementioned method, The 
vey was to 
response to 
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THYROWO UPTAKE OF (25 counts per minute) 


6 10 


CONCN IN DIET (3 10° per cont) 
Graph 1—Comparative effect of potassium iodide 
(KI) and phenothiazine (PTH) N.F. (green) on 
thyroidal radioiodine (1-131) accumulation. 


feets of these drugs on the thyroid should be re 
flected by a similar variation in iodine content, 
The phenothiazines were purchased or donated 


from stock unless 


by various 
otherwise specified 
The details and results of this experi 


companies open 


ment are shown (table 1). All of the green 
phenothiazines significantly decreased thy- 
roidal 1-131 uptake. It is noteworthy that 
one preparation (PTIL B) showed a much 
yreater thyroidal uptake 
than would be expected from their com 
parative dietary iodine values. This sug 
gested that factors other than iodine intake 
might be operative, at least in the sample 
which elicited the divergent response 

The purified phenothiazines N. FL CF, 
(i), at a dietary level of O.1 per cent, re 


depression of 


TABLE 1—The Effect of Phenothiazine on the 
Uptake of Radioiodine by the Thyroid Gland 

Total 

dietary 

iodine 


Thyroidal 
1-151 
uptake 
(ae (% of 
control) 


Supplement 100 Gim.) 


Low iodine controls oo 
VTIL A (green) ** 
THB (green 
(wreen) 
(green) 
(green) 
(purified) 
1G (purified) 


ue 
24° 
O.05 7 24° 
0.10 71° 


* Significantly different from control at p « ol 
** PTH (green)—phenothiazine NF. (green); signifi 
cantly different from PTH'sa A, C, D, and EF at p ol 


t PTH (purified)—purified phenothiazine NF 
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duced thyroidal 1131 uptake to a slight 
but significant extent (table 1). Both of 
these purified samples were relatively free 
of iodine, containing less than 10* per 
cent. Collier and Allenby” have reported 
that phenothiazine and certain phenothi 
azine derivatives interfere with various 
oxidative enzyme systems. It was not de 
termined whether the thyroid effect of 
purified phenothiazine was due to a gen 
eral enzyme inhibition or a specifie effect on 
the thyroid. The former possibility offers 
an attractive explanation for its action 
Again these data suggest a mechanism in 
dependent of iodine intake 

Phenothiazine with Labelled 1 
Thyroid Uptake of the Labelled 
The laboratory synthesis of phe 


Synthesis of 
Catalyst, and the 
lodine Product. 
nothiazine in the 


presence of radioiodine eatalyst 


provided a method whereby the comparative thy 


uptake of the iodine in the phenothiazine 
preparation could be 
The and the 


conditions of the reaction in the synthesis of phe 


roid 


and potassium iodide meas 


ured proportion of the reactants 


nothiazine were those found by Belokrenitshii” to 


yield optimal quantities of product. The reaction 
was assumed to have gone to completion when ELS 
evolution eeased. 

The KI* 
containing 6.5 we. of 1-131 (as KI) per 4.46 mg 
of carrier KI to. the 
KIO 
solution by 


catalyst was prepared by adding 


stoichiometrie amount of 
in dilute HCL and removed from the aqueous 
ethyl ether extraction. The ether ex 
added to a 
diphenylamine and 


homogeneous 
1.14 
The reaetion progressed rapidly us 


tract was quantitatively 


mixture of 3.00 Gm. of 
Gim. of sulfur. 
the temperature was inereased gradually from 160 
to 200C, The melting range of the erude produet 
178 that of the 


phenothiazine was found to be 175 to 183 C. No 


was 170 to while commereial 


attempt at purifieation was made sinee purifies 


tion have removed or changed the 


state of the 
thiazine was suspended in 


processes may 


iodine The erude phe ho 


with the aid of 


resultant 
waiter 
tween SO, 

Equivalent iodine levels of the original KI* so 
and the labelled 
administered to 


lution phenothiazine suspension 


were comparable groups of 4 
adult 


dine 


rats maintained on a low jo 
killed 20 
thyroids 


female albino 
diet.” The 
administration and the 


hours 
for ra 


rats were post 
removed 
dioaetive assay. 

The thyroid glands of the KI*-adminis 
tered group accumulated 6.9 + 1.34 per 
cent of the total dose, while the phenothi 
azine-treated group accumulated 64 
1.37 per cent. Thus, no difference was ob 
served in the ability of the thyroids to 


Mean + standard error of the mear 
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accumulate either iodide 1-131 or the [I-13] 
in the phenothiazine preparation. The 
quantitative similarity of these results is 
strong evidence that isotope dilution or 
thyroid gland saturation by the iodine in 
phenothiazine N. F. (green) could account 
for the of thyroidal 1-131 
uptake. 

Solubility and Chromatographic } 
the Iodine in Phenothiavine N. F 
The suggested § that 
readily available inorganie iodine in green pheno 
thiazine for the thy 
roidal effeets. The validity of this hypothesis was 
further tested by 


suppression 


Prope rites of 
Commercial 
aqreen) 


previous findings 


was responsible observed 
examining eertain 


These 


properties of 


the phenothiazine iodin« included a eom 


parison of the solubility and chromatographic 
charaeteristics of potassium iodide with that of 
iodine in phenothiazine 

Twenty gram of phenothiazine N.F. (green), 


dissolved in a mixture of 200 ml 


mil. of 


of n-butanol and 


toluene, was extracted times with 


The total 
phenothiazine 


SIX 


75 mi. of distilled water each time 


odine in aliquots of the original 


olution, the water-extraeted | henothiazine solu 
tion, and the aqueous extraet was determined 
Equivalent volume of three fractions were in 


jected subcutaneously into ehicks maintained on a 
ow level iodine diet. Simultaneously, control 
chicks were injeeted with the solvent alone or with 
a KI solution containing iodine equal to the io 
dine level in the original phenothiazine solution 
The thyroid uptake of 1-131 was determined by 
the previously deseribed method 


It was observed that almost all of the iodine in 


commercial green phenothiazine was extractable 
by water (table 2), suggesting the iodine to be 
inorganic in nature. The depression of thyroidal 
1-131 uptake was correlated with the iodine econ 
tent of the three fractions, Nachimson ct al.” 
have reported that, of four phe nothiazine frae 
tions collected from an activated alumina ehroma 


the fraction the 


only one inhibiting I-141 up 


column, 
the 
thyroid 


tographie containing 
most iodine 


take by the 
nothiazine 


was 
Wasserman separated phe 
alumina 
that only fractions 
significant amounts of iodine affeeted the 
uptake of 1-131. 
$y deseending chromatographie procedures, the 
the aqueous extract of commercial phe 
nothiazine N.F with KI 
were of the fol 
butanol-1.5 N 
pyridine-butanol 
solvent C 


into twenty fractions from an 


column and found those con 
taining 


thyroid 


iodine in 
(green) was compared 
solvent systems 
lowing composition solvent A 
NH.OH (1:1 v/v solvent B 
15 NNH.OH (2:1:1 v/v 
cone. NH,OH (98:2 v/v). 
A, the components immiseible and the or 
ganic layer was used. The location of the spots 
was determined by spraying the dried, developed 
chromatograms with a 1 per cent starch solution 
containing 2 per cent H,Os. 


The developing 


ethanol 
In the case of solvent 


were 


Depression oF Uptake 


The paper chromatographic behavior of 
the iodine in KI and phenothiazine N. F 
(green), as shown by their Rf values, was 
nearly identical with the three solvents 
employed (table 2). Although chromato 
vyraphic evidence is not positive proof of 
the identity of unknown substances, these 
observations are highly indicative of a 
close chemical or physical relationship, 
or both, between KI and phenothiazine 
iodine 


DISCUSSION 


In these studies, the principal causative 
agent for the thy 
roidal effect of phenothiazine seems to be 
the iodide ion 


responsible observed 
The evidences for this pos 
tulate were the similarity between the 
thyroid uptake of 1-131 and the 
radioiodine in’ the laboratory-synthesized 
phenothiazine preparation, and the ehemi 
cal and chromatographic properties of the 
iodine phenothiazine (green 

Theoretically a consideration of the reac 


tion by which phenothiazine is commonly 
synthesized also supports this finding since 
the initial production of hydrogen sulfide 
would) immediately reduce residual 
iodine (1,) catalyst to the iodide ion. The 
formation of a phenothiazoninm salt) with 
1, would also yield the iodide ion 

There was a greater inhibition of thy 
roidal 1-131 uptake by one of the five phe 
nothiazines (green) tested, a small 
but significant slope difference resulting 
from the green phenothiazine-KL compari 
and a slight purified 
phenothiazine evidence 


any 


son depression by 
This 
poimted to at least another depressant of 


pe r N¢ 


TABLE 2— Fractionation and Chromatographic 

Characteristics of Iodine in Phenothiazine N. F 

(Green), and Effect of Fractions and Potassium 
lodide (KI) on Thyroidal 1-131 Uptake 


place 
oft 
values of KI 
Tota thyroid 
and fraction It 
line in gland solvent® 
fraction ounts 
tar min A 
(ontrol 
lotal 140 | 
VTH Fraction A 5 1715(%) 
PTH Fraction it 137 145(4) 020 061 061 
KI 140 16205) 120 06% 0.46 
* See text for description of solvents, ** No. of of 


perimental 
* Total 


animals in 


PTH orig 


parenthesis 


nal solution of phenothiazine N F 
(green) prior to fractionation; PTH Fraction A—res 
due following aqueous extraction VTH Fraction B 


nqueous extract of phenothiazine solution 


; 
. 
pies 
ge. 
we 
¢ 
= 
2 
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thyroidal 1-131 uptake in phenothiazine 
N.F. (green). However, these effects were 
small as compared to the aforementioned 
iodide effect 

Nachimson ef al.,’° following a series of 
experiments on the effect of phenothiazine 
on the thyroids in rats, have concluded 
that the thyroid depressant action is not 
due solely to the availability of free iodide, 
and suggested that an unknown organic 
compound or group of compounds in com- 
mercial phenothiazine is capable of sup 
pressing the uptake of radioiodine by the 
thyroid. The present study indicated that 
the major depressant of thyroidal 1-131 
uptake in phenothiazine N.F. (green) is 
the iodide ion, and that other factors, 
much less potent than iodide, are also op 
erative in reducing the accumulation of 


1-131 by the thyroid gland. 


SuMMARY 


1) The causative agent in phenothiazine 
N.F. (green) that suppresses the accumu- 
lation of radioiodine by the thyroid has 
been investigated, 

2) In comparing the action of (potas- 
sium iodide) KI with phenothiazine N. F. 
(green), it was observed that their effects 
were grossly similar. However, the slopes 
of the thyroid uptake vs. dietary iodine 
concentration curves were different by a 
slight but statistically significant value. 

3) One of five commercial phenothia- 
zines from different companies caused a 
significantly greater thyroid depression 
than the others. Purified phenothiazine 
N. F. produced a small but definite inhibi- 
tion of thyroidal 1-131 uptake. 

4) Phenothiazine was synthesized with 
labelled L, catalyst. The thyroid uptake of 
the labelled iodine in phenothiazine prepa- 
ration was equal to that of labelled KU, 


Monrkor 
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5) The iodine in commercial phenothia- 
zine almost completely soluble in 
water and chromatographically indistin 
guishable from KI. 

6) The evidence that the 
principal factor in phenothiazine responst- 
ble for the thyroidal response was the io- 
dide ion, and the mechanism of action was 
by isotope dilution or thyroid saturation 
by iodide. Another factor, much less po 
tent than iodine, was also responsible for a 
slight but definite depression of thyroid 
uptake of radioiodine 


Was 


suggested 
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The 


sively 


conelu 
1877 


agent of anthrax 
Robert Koch in 


prior to this time, however, a 


etiological wis 
demonstrated by 


Perhaps a century 


disease not unlike anthrax was deseribed, This 
early history is reported in detail by Topley and 
Wilson.’ Today, anthrax is a disease of primary 


United 
livestock, 


world, In the 
danger to 


importance throughout the 
States, it 
and vaecination is practiced MANY Areas. 

In 1881, Pasteur” carried out the classie study 
at Pouilly-le-Fort. He 
sheep with eultures that were altered in virulence 
by extended incubation at about 42 C, This method 


is an ever-present 


succeeded immunizing 


of vaecination was subsequently practiced on an 
with millions of animals injeeted 


Although the results obtained were 


extensive seale 
in general sat 
isfactory, the Pasteur vaccine had certain serious 
elevated 


disadvantages. Apparently, exposure to 


temperatures increased the frequency of 


avirulent 


appear 
these cells 


Such a 


ance of mutants. In time 


represented a good part of the suspension 
phenomenon, however, can not be easily eontrolled 
and, on oeeasion, vaccine of appreciable virulenes 
was produced with some postvaccinal deaths as a 
result. 

introduction of the 


Sterne* has reviewed the 


glucoeide saponin in anthrax vaeeine., Vaecines 


containing saponin have been prepared for many 
years, Cultures of stabilized and reduced viru 
lence, as measured by their pathogenicity for mice, 
guinea pigs, and rabbits, have been used. A vae 
cine of this type was described by Eichhorn and 
Lyon, 

Anthrax vaccines prepared from cultures of re 
duced virulence and 


containing saponin are eer 


an improvement over the original Pasteur 
still not 


difficulty is 


tainly 


method, but they are without disadvan 


Although 
in the vaeeination of cattle, some breeds of sheep 


tages. seldom experienced 
and goats are extremely sensitive and postvaceinal 
losses may be quite severe, In our studies, we have 
seen sheep succumb to a vaccine prepared from a 
for rabbits. The 


still 


virulent 
Bacillus 


however, 


strain of organism not 


choice of a strain of anthracis of 


further reduced virulence, resulted in 


nonimmune animals as determined by challenge 


results. As a result of these difficulties, we became 
Ameri 


Pear! 


From the Biological Laboratory 

ean Cyanamid 

Kiver, N. 
The authors are indebted to Mra. D 


manuscript 


Development 


Company, Lederle Laboratories 
tudd for assist 


ance in the preparation of the 


Studies on an Anthrax Vaccine Prepared from Nonencapsulated 
Variants of Bacillus Anthracis 


G. PERSONEUS, B.S.; M. S. COOPER, Ph.D.; R. C. PERCIVAL, V.M.D. 
Pearl River, New 


York 


seriously interested in the type of vaccine pre 
pared by Sterne 
Some of the extensive studies necessary to de 


this will be here The 


problems encountered may perhaps serve to pot 


velop product reported 


out some of the peculiarities of immunity to this 


disense 
PropuctTion oF THE VACCINE 


The procedures generally used were as deseribed 
by Sutton A dried umpule of the Onderstepoort 


strain J4F2 was used to prepare a large number 
of dried stock cultures, Roux bottles were used 
for production flasks in which the area of the agar 
surface was about 200 sq. em, The ineubation 


period was 48 to 72 hours, and growth was hat 


vested with glveerine- saline 
LAbOKATORY ANIMALS 


TESTING OF THE VACCINE IN 


The demonstration of immunity in guinea pigs 
to challenge with B. anthracis is a difieult matter 
Alexander” pointed out that, although such a test 
is successfully carried out in Onderstepoort, other 
laboratories have not obtained satisfactory results 


is a resumé of our experience with this 
procedure, 
studies, an oeensional death o« 


stock 


Thi ' 


in these 
after 
were diluted 


Early 


curred vaceimation when the 


with glyveerim 


avoided by using only physiological saline 


Mevritops 


Hartley strain, raised in our 
between 400 and 500 
studies, Vax 
concentration of cells 


Guinean pigs of the 


own and weighing 


colony, 
Gm., were used exelusively thes 
cine was administered subcutaneously on the 


men in a dose of 1 mil, The 


in the J-ml. dose was 5x 5x10", or 
(table 1 
The challenge dose, in all ese was ad 


ministered subeutaneously in the hindleg. Cultures 
Pasteur No 


follows 


challenge were the 


type, 


used for 


and No prepared us 


Spores were grown on casein digest agar for 7 


hours, harvested with 40 per cent glycerine-saline, 
the SUSPension Wiis heated at 65C. for a half 
houy Pasteur No. 2type of culture suspensions 


spores per milliliter, 
lethal 


contained LOx 10 represent 


ing about “0 to 


coneentration but 


minimum doses 


in 26 tests, and a preparation of the same 
of reduced virulence, 


(table 1 


represent 


ing | mld, in & tests 


\nthra spore aceme earboton nouencapeulated 


— 
— 
x 
4 
ae 
3 +4 
153 
— 


154 PERSONEUS 


Preliminary studies with the Pasteur No. 3-type 
of eulture in a liquid state resulted in higher sur 
vivals of vaeeinated animals. Therefore, in order 
to develop a uniform standard challenge, Pasteur 
No. S-type of culture grown, 
heat-treated as deseribed. It was concentrated by 
centrifugation, resuspended to half the original 
volume with 10 per cent skim milk and frozen and 
dried in 10-ml of 
One per used 
reconstitution 


wis harvested, and 


ampules containing | mi mate 


for 


water 
the 


representing 


cent 
before 
5x10 

recorded 


rial. peptone was 


use, and resulting 
coutained 


10 


were 


ension spores, ap 

proximately 
Results 


(table 


ten days postehallenge 


SUMMARY 


The data (table 1) were compared by 
chi-square with conclusions as follows: 

1) The concentration of cells in the vac 
cine in the range studied had no effect on 
the survival rate in all groups (9x 10°, 
5x 10°, 10"). 

2) The survival rate in group E was sig 
nificantly higher than in all other groups 

4) The survival rate in group B was sig 
nificantly higher than in groups A, © 
or D 

1) The 
different from group A or ¢ 


OF 


survival rate in group D was not 


14 16 16 

Millions of Spores /cc 

Graph 1—Dose-effect curve of anthrax vaccine 
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Therefore, factors whieh influenced the 
survival after challenge included the num 
ber of vaccine doses given and the Pasteur 
type of challenge used. On the other hand 
survival after challenge was not affected 
by the concentration of cells in dose of vac 
cine between 5x 10* and 10°, nor by the 
number of lethal doses present in the Pas 
teur No. 2-type challenge within the range 
studied. 

FurRTHER IMMUNITY Pics 


STUDIES IN Gil INEA 


The selection of a satisfactory challenge eulture 
deseribed in the previous section permitted further 
studies of the 

A number 
for 


vaccine. 
of tests 
the purposes of quality 


to establish a dose-effect 


eurve control vielded 


some very interesting results 


with 1 dose of 
ts were performed 
after 


40 million viable 


vaccinated 
tes 


Guinea pigs were 
vaccine as deseribed, 
260 pigs 


vaccination with 1, 5 


Twelve 
to 
10, 


on guinea determine survival 


0, and 


spores per milliliter 

To insure a stable and uniform challenge prepa 
a large number of vials of challenge cul 
ture were prepared from the No. 3 
pig days 
vaccination with 1 
suspension 


ration, 
Pasteur 
21 


reconstituted 


strain 


guinea was challenged 


of a 


contaming 


post 
mil frozen 


and dried 500,000 


spores, 


representing about 


RESULTS 


The average survivals at each dose con 
centration studied (graph 1] that 
almost complete protection resulted from 
injection with vaccine containing between 
10 million and 40 million spores. The sur 
vival rate began to decrease perceptibly at 
) million and at 1 million spores 
less than 50 per cent of vaccinated animals 
survived, 


shows 


spores, 


TABLE 1—Summary of Anthrax Immunity Studies in Guinea Pigs 


Challenge 


Day 


No. of Interval 


No. of 
tests 


sdloses of between 


vaccine doses dose 


In each test reported, at least 1 


hed by 
15x 10° 
15x 10" spores 
10 


spores, representing 20-30 mid 


but milder than re 


spores, representing about 10 mid. ( 


after last 


immunizing 


lethal 
100 per cent deaths in a control group of 6 animals per test 


presenting 


Test Results* 
Survivors/total vaccinated 
Vaee 


ination dose (No. of spores) 


Culture yx 10" 


’asteur No, 2 
Pasteur No 
Pasteur No. 2' 
Pasteur No, 2 
Pasteur No 


dome mid 


ld 
spproximately 1 


mld 


10,000 spores 


1 
| 
$ 100 7 
20} 
fed 
70 / 
% 50 
£30 
4 20 
* 10 
40 
4 4 
\ 21 21/77 25 s1/74 
7 days 14 1/29 13/26 16/24 
21 21 75/90 143/170 
was used for hallenge as estab 
Pores) 
mld 
| 
4 
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SAFETY AND IMMUNITY STUDIES IN 


SHEEP AND GOATS 


The efficacy of this vaecine in domestic animals 


has been well Sterne” in South 


Africa 
We attempted studies in swine and calves but 


established by 


were unable to routinely produce a lethal infection 
in these two spe cies; therefore, we have since re 
stricted our investigations to sheep and goats 
Sarety TEstTs 

\ r of animals have been vaccinated sub 
with 1 billion to 10 


coneentration usually 


eutaneously billion viable 


spores. The averaged about 
1 billion 


level for 


recommended 
There 


reeeived 50 to 500 


cells per milliliter The 


vaccination is 20 million spores 
fore, these test animals have 
dose 


tests 


times the recommended 
during 


(table 


A summary of safety performed 


the routine production of vaccine is shown 
2). A total of 34 


east 1 billion viable cells exch in the vaceine 


sheep and goats received at 
lose 
and all survived 


IMMUNITY TEST> 


The vaccine was prepared in 0.25 per cent sa 


ponin as for field use. Sheep received 1 mi, sub 
2x10 cells 


challenge, a culture of virulent 


cutaneously, representing about viable 
in the dose For 
B. anthracis 
of Animal 

given in a I-mil 


tained 50,000 to 


received from the New Jersey Bureau 
Industry was used. The challenge was 
volume subcutaneously and e¢on 
75,000 spores, or about 75 rabbit 
mtd 

RESULTS 

In five studies reported, pA of 26 sheep 
were successfully immunized with one 1 
ml. dose of vaccine (table 3 Immunity 
was demonstrated by challenge with a viru 
lent B. anthracis culture which was lethal 
for 20 of 21 controls 


Dise 


Duran-Reynals '° has stated that an im 
portant fact in the initial establishment of 


a lesion depends upon the concentration of 


Exptl 
vaccine No. of 
lot No sheep 
“4 1 
(Controls ‘ 


ontrols 


ontrols 


ontrols 


ontrols 
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TABLE 3—Anthrax Vaccine Immunity Tests in Sheep 


low 


TABLE 2—Anthrax Vaccine Safety Tests in Sheep 
and Goats 


vaccine No. of Vaccination dose 
lot No animals billion spores Disposition 
Sheep Survived 
1 Survived 
io 1 Survived 
Comb. 3 Gioatss Survived 
Comb. 10 Cioat io Survived 
(oats Survived 
P3822 (routs 14 Survived 
fronts 1.2 Survived 
(ioat Survived 
froat Survived 
Cioats Survived 
Gout Oo.” Survived 
(oats Survived 
fronts Survived 
J fronts 1. Survived 

Potal 


bacteria per unit area of tissue rather than 
absolute numbers of bacteria. We feel that 
the survival rate of immunized guinea pigs 
after artifical directly de 
pendent Upon the following factors (a 
virulence of culture used; and (4) mum 
ber of cells injected per unit: volume 

Qur studies indicate that, possibly con 
trary to expected virulent 
cultures of B. anthracis are less likely to 
overwhelm the acquired immunity than a 
of reduced virulence but 
number of lethal 
due to a greater concentration of cells 

A study of the dose-effect curve of the 
vaccine vielded significant results. A sharp 
deerease in the survival rate of challenged 
animals occurred in the range of 1 to o 
million cells injected. The sharp slope of 
this curve makes it probable that any vari 
ation detected from one study to another is 
due to the difference in the number of live 
organisms injected rather than the differ 
There 


challenge is 


results, more 


SUSpeHsion eon 


taining the same units 


ence in antigenicity of the material 


Kesults 
Date of Date of Survivors 
vaccination challenge challenged 
9 10/52 11/18/52 ‘ 


1134/52 


| : 
Dy 
4 
— 
‘ 
12/11/52 2/26/%h 67 
‘ 17/54 
~ 
“ane 
ch: 
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ayvain, it seems that the concentration of 
cells per unit volume plays an important 
part in developing effective immunity. It 
is assumed that some multiplication of cells 
takes place before the natural defenses of 
the animal destroy the live cells of the in- 
jected vaccine, During this period of mul- 
tiplication, protective antigen is liberated 
in appreciable amounts. It is known that 
injection of killed has very little 
value. It may be postulated that the unit 
concentration of the vaccine rather than 
total number of cells injected will deter 
mine the extent of eventual multiplication 
and elaboration of protective antigen. 
These factors will be examined in future 
studies. 

The safety studies coupled with the im 
munity studies in sheep indicate a safety 
factor of 50 to 500 at the effective level. 
Although this was not compared with other 
live-culture anthrax vaccines, it is prob- 
able that the ratio of effective dose to lethal 
dose of these vaccines would be appreci- 
ably lower the cultures used have 


cells 


since 


appreciable virulence. 


SUMMARY 


1) Studies of an anthrax vaccine pre 
pared from a nonencapsulated strain of 
Bacillus anthracis are presented. 

2) A procedure for the immunization of 
guinea pigs with this product is discussed. 
A greater percentage of vaccinated ani- 
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mals survived when they were challenged 
with a culture of greater virulence. 

3) A dose-effect curve was established 
for the vaccine. 

4) Twenty-five of 26 sheep vaccinated 
with the recommended field dose survived 
a challenge which was lethal for 20 of 21 
controls. 

5) It was demonstrated that sheep and 
goats survived 50 and 500 times the dose of 
vaccine recommended for field use. 
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A Comparison of Virulence for Mice and Chickens of Different 
Colonial Variants of the Three Serological 


Types of Pasteurella Multocida 


KATHERINE E. YAW, Ph.D.; 
J. C. KAKAVAS, Ph.D. 


STRAINS Of the nonhemolytic Pasteurella 
causing pasteurellosis many domestic 
animals were formerly selected and named 
from the source of their host isolation. 
More recently these strains have been 
included in Pasteurella) multocida and 
strains within this species have been typed 
by serological Using this 
method, at least four types have been iden- 
tified and each specific type has been iso 
lated from different hosts. The difference 
in these types is reported to be due to spe 
cific capsular polysaccharides.® Virulence 
for mice is associated with certain colonial 
variants.’ The purpose of this work was to 
determine the degree of virulence for 
chickens and for mice of three serological 
types of virulent and avirulent colonial 
variants of P. multocida. 


MATERIALS AND METHODS 


The cultures used in this study were repre 
sentative of the three serological types proposed 
by Little and Lyon." The type strains of the 
three groups were obtained from the American 
Type Culture Colleetion: type 1, ATCC-7707, iso 
lated from a turkey; type 2, ATCC-6530, isolated 
a buffalo; and type 3, ATCC-6535, isolated 
from a mouse. Type 1, strain 9137 of avian ori 
gin, was received from the Eaton Laboratories, 
and type 2, strain 2872 of buffalo origin, from the 
research laboratories of Sharp and Dohme 


from 


The cultures were maintained in stock culture 
agar (Difeo) stabs under paraffin oil; they wer 
transferred and colonial variants reisolated every 
four months. For this study and for the prepa 
ration of inoculums for animal injections trypti 
ease soy (TS) agar or broth prepared by the 
taltimore Biological Laboratory was used. This 
medium proved suitable both for the formation 
of large capsules (India ink method of prepara 
tion), and for the identification of colonial vari 
ants when viewed by obliquely transmitted light 
The cultural and physiological characteristies of 
the strains used agreed with those for 1’. multo 
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cida as deseribed in Bergey's Manual, exeept that 
hydrogen sulfide was not produced, All cultures 
were grown at 37€ 


In the identification of the colonial variants the 
names and echaracteristies described by Hughes” 
were employed. It was observed that in type 3, 
strain 6535, the blue (B) variant was not stable 
but reverted to fluorescent (F) and intermediate 
(1) types. Mueoid (M) strains were not used in 
this work, The desired colonial type was isolated 
from a mixture of dissociants by selecting a typi 
eal colony from a TS agar streak or pour plate 
and ineculating it into a tube of TS broth. The 
inoculums used for injection into mice or chickens 
had less than 0.5 per cent of other colonial types 
present, 

For virulence studies in chickens and in mice 
type 1, strain 9137, which produces a very stable 
F variant was used in preference to strain 7707 
which dissociates more readily. The type 2, strain 
6530, produced only B colonies; therefore, strain 
2872 which had a stable and virulent T form was 
used for injection, It was not possible to obtain 
a stable B variant from type 3, strain 6535, and 
so this colonial variant was not used for virulence 
studies. 

Cultures to be used for injection into animals 
were grown for 18 to 24 hours in TS broth at 
37C. The diluent used was also TS broth, It has 
been found by other workers,’ and verified in this 
study, that distilled water or physiological saline 
is not suitable sinee cultures of P’. multocida lose 
viability rapidly when suspended in these diluents 

The N.LH. strain of mice was used for this 
study and they were usually 18 to 20 Gm, in 
weight. They were injected intraperitoneally with 
0.2 ml. of the desired dilution of the baeterium 
The chickens used were either Plymouth Roeks or 
Rhode Island Reds, varying in age from 2 to & 
weeks old, and they were injected intramuseularly 
in the thigh with 0.2 ml. of the desired dilution 
of the eulture No difference results was 
noticed in the two breeds of chickens. The reeord 
of deaths reported for mice and for chickens was 
for a seven-day period after injection, although 
with most strains used all animals were dead 
within 24 to 48 hours. 

Mice or chickens receiving 0.2 ml. of 10° dilu 
tion of the eulture were infected with less than 
10 bacteria per animal and those injeeted with the 
same amount of a 10° dilution reeeived leas than 
100) baeteria per animal After the death of the 
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animals, at least 50 per cent from each group were 
and the livers cultured TS agar. 
The colonial type recovered was always the type 
and P, recovered from 
every chicken. 

The strain used for the challenge in chickens to 
test for cross protection was 9137F. A 10° dilu 
tion of 18 to 24-hour culture was and 0.2 
ml, of this dilution was injected intramuseularly 
in the thigh, representing 20,000 
viable baeteria 


necropsied on 


injected multocida was 


used 


approximately 


RESULTS AND DiIscUSSION 


The encapsulated colonial variants (F 
and [) of the three serological types of P. 
multocida were highly virulent for mice, 
whereas, the nonencapsulated BK variants 
of types 1 and 2 were much less virulent 
(table 1). The results, both for mice and 
for chickens, are aggregates of many sepa 
rate experiments. These results are in 
agreement with the previous work done by 
Priestly,” Elberg and Cheng-Lee Ho,” 
Carter,* and many others. Thus, in mice 


the capsule seems to be a potent contribut 
ing factor to virulence and the effective 
immunity against these organisms is asso- 
ciated with antibodies directed against this 
capsular material 


Other factors, 
unidentified, may also affect the virulence 
of this baeterium for mice. 


The encapsulated colonial 


as yet 


variants of 


TABLE 
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KAKAVAS 
the three serological types differed greatly 
in their virulence for chickens. Only type 
1, strain 9137F, was as virulent for chick- 
ens as for mice and the virulence of this 
strain varied with the age of the chickens 
(table 1). It is interesting that the non 
encapsulated variant of type 1, strain 
913718, was more pathogenic for chickens 
than the encapsulated type 2. The chickens 
that succumbed to the injection of strain 
9137B died very slowly. All injected birds 
were definitely sick within 24 to 48 hours, 
but most of the deaths occurred on the 
fifth, sixth, and seventh days. Upon eul- 
turing the livers of these chickens, they 
yielded only 9137B variant. Future plans 
for study include testing the virulence of 
this variant against chickens with fewer 
organisms and evaluating its protection 
inducing properties after challenge with 
the virulent strain. 

The chickens injected with strains 28721 
and 6535F showed no signs of infection. 
Two weeks after injection, 3) of these 
chickens bled from the heart and 
their livers were cultured and found to be 
sterile. Using the slide agglutination test, 
the serums from these chickens revealed 
no agglutinins against the homologous en 
capsulated variants but gave positive ag 
glutination with the Ib variants. The re 
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1—The Virulence of Different Colonial Variants of Three Types of Pasteurella 


Multocida for Mice and for Chickens 


Mice 
Strain number, 
and colonial Dilutions 


variant used 


10 
lo” 

10 


Survivors 


Virulence for 
ens 
Dilutions 
used 


injected 


| 
J 
} 
Type injected 
O/5 
2/30 10 “0/20 
* 1/5 
0/10 
0/20 
10° 1/10 
o/10 
10* 2/10 
6 10 0/10 
| 10 o/19 
10 1/10 ‘ 
j 10 2/18 | 
10° 5/17 
10 10/10 | 
24721 10 0/35 2 10/10 
5/20 10/10 
5/5 
5/5 
4 6535F 10 0/20 2 10°? 10/10 | 
m* 1/5 10 10/10 | 
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maining chickens injected with strains 
28721 and 6535F were challenged at the 
end of two weeks with a 10% dilution of 
type 1, 9137F. All challenged chickens 
died by the end of 48 hours. 

Little and Lyon," Carter’ and others 
have isolated, from avian sources, all three 
serological types of I. multocida Possess 
ing their type-specific capsular polysae 
charide. It has been suggested that these 
three types in the encapsulated form be in 
cluded in bacterins which are to be used 
for immunization work.’ 

The findings of the present work suggest 
that the virulence factor or factors of this 
bacterium differ in the two hosts studied. 
If this be true, then the protection-induc 


ing factor might also vary in different 
hosts. Susceptibility of mice to infection 


with P. multocida is undoubtedly associ 
ated with the presence of capsular mate 
rial, and protection is given to mice by the 
injection of the partially purified capsular 
polysaccharide.” In chickens, on the other 
hand, the types 2 and 3 encapsulated 
strains were avirulent, and for this host, 
therefore, the capsule of these two types is 
definitely not a virulence factor. It has 
been reported':'* that various bacterins 
and vaccines offer little protection to chick 
ens under experimental conditions. This 
discrepancy might be explained on the fol 
lowing basis. If the original evaluation of 
the protection of the vaccine were made in 
mice, the same effective results would be 
expected in chickens; however, if the viru 
lence factor and the protection-inducing 
factor were different for the two hosts, the 
desired immunization for the chicken 
would not be achieved. 

Protection against Pasteurella pestis for 
monkey, rat, and mouse is associated with 
antibodies against the bacterial envelope 
antigen, whereas protection for guinea 
pigs is related to antibodies against a cellu 
lar or somatic antigen.’® 

In preparing bacterins for most effective 
use against P. multocida infections in 
cows, horses, swine, sheep, and chickens, it 
might be necessary to determine the viru 
lence and protection-inducing factors of 
the organisms in the different hosts 

Living, attenuated strains of this bacte 
rium have been used for immunization 
since Pasteur’s time. Reports on their use 
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PASTEURELLA MULTOcIDA 


fulness have been varied, but with the 
recent available information about this 
microorganism, a proper selection of aviru 
lent strains may offer the best method of 
immunizing against pasteurellosis 
SUMMARY 

The virulence of the same colonial vari 
ant of the three serological types of Pas 
feurella multocida differed in 
stances in chickens and mice. The 
encapsulated variants of all three types 
were highly virulent for mice, but only the 
type 1 encapsulated variant was virulent 


some 


for both hosts. The encapsulated types 2 
and 3 colonial forms were avirulent for 
chickens 


There was no cross protection echiek 
ens immunized with multocida of types 


or 3 against the virulent type 1 strain 
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